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ADVERTISEMENT  by  the  TRANSLATOR. 


IT  is  hoped,  that  a  tranflation  of  M.  Fourcroy's  Lectures 
upon  Chemiftry  and  Natural  Hiftory  will  meet  with  a  fa- 
vourable reception,  on  account  of  the  great  merit  of  the  ori- 
ginal work,  which  contains  by  far  the  mod  diftincT:,  compre- 
henfive,  connected,  and  accurate  view  of  modern  improve- 
ments of  any  fyftem  which  has  hitherto  been  publifhed. 
There  was  indeed  a  very  prefling  call  for  a  publication  of  this 
kind,  which  mould  abridge  and  methodife,  and  fave  the  ftu- 
dent  the  toilfome  labour  of  confulting  all  the  fugitive  and  de- 
tached efiays,in  which  alone  thofe  difcoveries  are  to  be  found. 
So  that  the  Author's  intention,  to  prefent  whatever  was 
worthy  to  be  known  in  Chemiftry,  under  a  methodical  and 
orderly  arrangement,  with  occafional  remarks  to  illuftrate 
particular  doftrines,  and  with  general  obfervations  to  unite 
the  whole  together  as  one  body  of  fcience,  all  confirmed  by 
the  refult  of  experiments  fairly  and  diftinclly  detailed,  was 
a  defign  moft  laudable  in  itfelf;  and  he  has  completed  it 
in  a  very  judicious  and  mafterly  manner. 

With  regard  to  the  conduct  of  the  tranflation,  it  {hall  only 
be  obferved,  that  it  has  been  invariably  ftudied  to  tranflate 
the  original  with  the  ftrifteft  attention  to  the  true  meaning 
of  the  author,  and  in  the  moft  literal  language  which  was 
confident  with  the  precifion  and  perfpicuity  of  the  ftyle. 

The  addition  of  Notes  was  made  with  a  view  to  amplify 
and  illuftrate  the  original  text.  And  the  Tranflator  has  here 
to  acknowledge  his  obligation  to  Mr  James  Ruflel,  Fellow  of 
the  Royal  College  of  Surgeons,  Edinburgh,  for  the  commu- 
nication of  all  the  valuable  matter  which  thofe  notes  con- 
tain, and  of  fome  new  experiments  upon  different  fubjecls: 
And  wherever  the  notes  deviate  from  the  text  of  M.  Four- 
croy,  he  has  either  given  the  author  of  the  affertion,  or  he 
has  endeavoured  to  determine  the  point  in  doubt  by  a  deci- 
five  experiment. 

Edinburgh, 
Jan.  1785. 
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PREFACE. 


CHEMISTRY  has  made  fo  rapid  a  progrcfs  thefe 
fome  years,  that  with  truth  it  may  be  faid  to  be 
a  lcience  entirely  new.  The  difcovery  of  the  Gafes, 
which  are  of  fo  much  conftquence  in  the  chemical  com- 
binations and  decompofitions,  is  a  copious  fource  which 
is  continually  giving  rife  to  fome  new  difcoveries  :  It 
has  thrown  new  light  on  a  great  number  of  facts,  which 
the  fublime  theory  of  Stahl  was  unable  to  explain,  and 
which  even  feem  to  explode  that  theory  :  It  has  opened 
an  immenfe  field  for  the  labours  of  chemifts ;  and  the 
experiments  on  this  fubject  are  fo  multiplied,  that  a  very 
long  time  is  necelfary  to  acquire  a  complete  knowledge 
of  them  by  reading  the  academical  differtations ;  it  is 
even  neceffary  to  repeat  them  frequently. 

This  difcovery,  which  will  be  a  grand  epoch  in  the 
hiftory  of  chemiflry,  has,  by  confiderably  promoting 
this  beautiful  fcience,  produced  an  effect  directly  con- 
trary with  refpect  to  the  elementary  works.  All  thofe 
which  were  written  before  this  epoch,  and  even  thofe 
which  appeared  a  little  after  it,  are  now  found  far  be- 
low the  prefent  ftate  of  our  knowledge,  and  no  longer 
to  offer  that  collection  of  facts  neceffary  to  confti- 
tute  true  elements.  It  was  to  fupply  this  kind  of  va- 
cuum, and  to  prefent  the  fludents  with  the  refults  of 
modern  refearches,  that  the  late  M.  Bucket*  my  mafler 
and  my  friend,  whofe  lofs  I  mail  always  regret,  fome 
time  before  his  death  had  projected  the  execution  of  a 
Work  on  the  Elements  of  Chemiflry.  Various  occupa- 
ions,  and  the  long  ficknefs  he  laboured  under,  prevent- 
Vol.  I.  i  B  ed 
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ed  him  from  putting  that  defign  in  execution.  He  had 
the  kmdnefs  to  choofe  me  for  an  afTociate  in  his  under- 
taking, and  I  had  even  fmimed  fome  pieces,  when  a 
premature  death  carried  him  off  from  the  fcience  which 
he  cultivated  with  fo  great  ardour  and  fuccefs.  Thus 
left  alone  to  a  difficult  and  tedious  talk,  I  fhould  cer- 
tainly have  rehnquimed  my  intentions  of  fulfilling  it,  if  I 
had  not  felt  its  utility,  or  if  I  had  only  confulted  my  own 
inclinations.  The  neceility  under  which  I  found  my- 
ieli  of  collecting  the  fads  recently  difcovered,  and  of  re- 
peating the  modern  experiments  for  the  courfe  which  I 
taught  every  winter,  induced  me  gradually  to  complete 
this  undertaking;  and  the  advantage  which  I  thought 
might  accrue  to  thofe  who  devote  themfelves  to  the 
ftudy  of  chemiftry,  engaged  me  to  publifh  it. 

Although  the  Work  which  I  prefent  to  the  Public 
comprehends  both  Chemiftry  and  Natural  Hiftory,  it 
will  very  foon  be  perceived  that  it  is  only  the  firft  of 
thefe  two  fciences  which  occupies  the  greateft  part  of  it. 
I  had  it  in  view  to  give  only  preliminary  and  general 
notions  on  Natural  Hiftory:  \.  Becaufe  it  has  been 
beyond  my  ability  tfo  profecute  thefe  two  fciences  to  an 
equal  extent.  2.  Becaufe  there  is  a  great  number  of 
Treaties  upon  Natural  Hiftory,  from  which  may  be 
collected  every  thing  that  regards  the  details  in  which  I 
am  not  employed.  3.  Becaufe  it  was  my  defign  fimply 
ro  connect  thefe  two  fciences,  and  to  mow  how  necef- 
fary  the  knowledge  of  Chemiftry  is  to  Natural  Hiftory, 
and  how  much  they  elucidate  each  other. 

Thf.  order  which  I  have  followed  in  this  Work,  is 
that  which  M.  Bucket  had  adopted.  After  treating  of 
the  general  topics  in  Chemiftry,  which  comprehend  its 
definition,  the  examination  of  the  objeel  which  it  pro- 
pofes,  the  means  which  it  employs,  its  utility  in  life,  and 
its  hiftory;  I  then  proceed  to  Chemical  Affinity.  It  is 
abfolutely  neceffary  that  the  laws  and  phenomena  of  this 
grand  property  be  well  underftood,  before  we  come  tcr 
examine  the  reciprocal  action  of  all  the  natural  bodies 
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on  one  another.  Afterwards  I  proceed  to  examine  the 
iubftances  which  hitherto  have  been  looked  upon  as  ele- 
ments. Thofe  fubftanccs  do  not  feem  to  belong  to  any 
of  the  kingdoms  of  nature,  or  rather  feem  to  belong  td* 
all  of  them  equally.  It  appears,  then,  that  we  ought 
to  make  a  feparate  clafs  of  them,  and  fq  follow  the  idea 
of  fome  ancient  philofophers  who  confidered  them  as  a 
fourth  kingdom.  Befides,  the  hiftory  of  their  proper- 
ties is  fo  important  for  rightly  underftanding  the  pro- 
perties of  the  other  productions  of  nature  or  of  art,  that 
it  would  be  alrnoft  impoffible  to  get  acquainted  with  the 
nature  of  thefe  laft  bodies,  before  confidering  thofe 
which  have  got  the  name  of  Elements.  The  details 
which  comprehend  the  hiftory  of  thofe  elements,  of  the 
affinities  and  of  the  generalities,  form  a  firft  part,  or  a 
kind  of  introduction  to  the  whole  work.  They  are 
followed  by  an  explanation  of  the  properties  of  the  na- 
tural bodies,  according  to  the  known  divifion  into  three 
kingdoms.  I  begin  with  the  Minerals,  becaufe  their 
analyfis  is  better  known,  and  their  ftudy  is  attended 
with  lefs  difficulty  5  and  becaufe  the  knowledge  which 
we  gain  from  their  chemical  properties  is  neceffary  for 
underflanding  the  hiftory  of  Vegetables  and  Animals* 
In  their  chemical  nature,  they  are  divided  into  three 
great  claffes ;  the  earthy,  faline,  and  combullible  bodies. 
In  the  examination  of  the  bodies  of  the  firft  clafs,  the 
earths  and  ftones  are  prefented  fucceffively,  according 
to  the  order  of  the  Naturalifts,  and  according  to  their 
chemical  qualities.  I  have  given  a  fummary  of  the  di- 
vifion of  the  ftones  by  M.  Daubenton. 

The  lithological  method  of  this  celebrated  chemift 
is  the  mod  precife  and  perfpicuous.  With  regard  to 
the  diftinctions  of  the  earthy  and  ftony  fubftances  by 
their  chemical  qualities,  thofe  which  I  have  followed 
are  entirely  clue  to  M.  Bucket ;  and  they  muft  be  thought 
a  (ketch  only,  which  will  not  be  exaft  until  the  che- 
mifts  fhall  have  made  a  greater  number  of  accurate  ana- 
lyfes  of  thefe  fubftances. 

B  2  Ths 
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The  mineral  faline  fubftances  are  handled  at  great 
length.  That  article  is  one  of  thofe  which  furnifli  many 
new  rafts.    I  judged  it  necetTary  to  infill  on  them,  be- 
oaufe  they  make  up  the  moft  difficult,  the  moft  compli- 
cated, and  at  the  fame  time  the  molt  important  part  in 
ch  cm'.flry.     The  falts,  to  the  number  of  500,  are  me- 
thodically difpofed  according  to  their  chemical  proper- 
ties.   I  have  taken  the  liberty  to  give  new  names  to  a 
very  great  number  of  faline  fubftances,  which  hitherto 
had  received  no  name,  but  which  it  was  neceiTary  to 
diflinguifh  properly;   chiefly  to  the  combinations  of 
fixed  air,  which  I,  after  M.  Bucket  and  Lavoilier,  have 
called  Acid  of  Chalk,  with  the  different  alkalis.    I  was 
the  more  induced  to  do  this,  that  the  difference  between 
the  pure  and  catiftic  alkalis,  and  the  fame  falts  neutra- 
lized by  fixed  air^  had  not,  at  leaft  to  be  intelligible  to 
beginners^  as  yet  been  fufficiently  explained.  With  re- 
fpect  to  the  reft,  a  part  of  thefe  new  names  had  been 
given  them  by  M.  Bucket.    I  cannot  too  much  recom- 
mend to  ftudents  repeatedly  to  read  the  hiftory  of  the 
faline  fubftances.    By  my  own  experience  I  am  con- 
vinced, that  upon  a  complete  acquaintance  with  the  pro- 
perties of  thefe  fubftances,  depends  all  the  knowledge 
which  can  be  acquired  of  chemiftry.  I  have  too  frequently 
feen  perfons,  otherwife  very  expert  in  chemical  and 
pharmaceutical  preparations,  ignorant  of  the  different 
combinations  of  the  neutral  falts,  not  to  make  it  necef- 
fary  for  me  to  warn  beginners  on  this  head.  Several 
fubftances,  heretofore  regarded  as  earthy,  are  arranged 
among  the  falts ;  fuch  as  the  calcareous  flones  and  fpars, 
the  vitreous  fpars,  and  the  heavy  fpars.    And  though 
they  have  faline  characters  in  a  fmall  degree  only,  they 
are,  however,  true  neutral  falts,  formed  by  the  union 
of  the  acids  with  lime  or  terra  ponderofa,  as  the  expe- 
riments of  Meffrs  Black,  Scheele,  and  Bergman,  have 
mown.    The  mineral  combuftible  bodies  are  divided 
into  five  genera :  the  diamond,  inflammable  gas,  ful- 
phur,  the  metallic  fubftances,  and  the  bitumens.  At 
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firft  fight  there  feems  to  be  a  great  difference  among 
thefe  various  fubftances,  particularly  betwixt  the  dia- 
'  mond  and  the  reft ;  but  as,  when  heated,  they  all  pof- 
fefs  the  property  of  burning  with  flame  by  the  contact 
of  air,  and  as  their  nature  is  fingularly  changed  in  this 
operation,  I  thought  it  neceffary  to  unite  them  under 
the  fame  clafs,  as  M.  Bucket  did  in  his  lad  courfe. 
Thefe  fubftances  are  too  ufeful  in  the  arts  and  in  medi- 
cine, not  to  require  a  full  examination  of  all  their  pro- 
perties ;  and  with  this'  view  I  have  made  of  them  one 
of  the  moft  extenfive  divifions  in  this  Work.  The 
metallic  fubftances  alone  conftitute  more  than  the  fourth 
part. 

In  the  hiftory  of  each  of  the  fubftances  which  belong 
to  the  mineral  kingdom,  I  have  begun  with  examining 
their  phyfical  properties ;  from  thence  I  pais  to  their 
natural  hiftory ;  and  after  having  infifted  in  a  fpecial 
manner  on  their  chemical  properties,  I  give  a  fhort  ac- 
count of  their  ufes  both  in  medicine  and  in  the  arts. 
"With  regard  to  the  denomination  of  each  mineral,  I 
have  followed  the  idea  of  M.  Daubenton,  who  defigns 
each  of  them  by  the  name  of  fort ;  and  thinks  that  we 
ought  to  give  the  name  of /pedes  to  organic  bodies  only, 
the  individuals  of  which  are  perpetuated  by  generation. 

It  may  be  proper  to  obferve,  that  I  have  taken  the 
greateft  care  to  mention  the  facts  recently  difcovered  con- 
cerning combuftible  fubftances.  As  it  was  the  end  of 
my  undertaking,  to  unite  under  one  point  of  view  the 
refearches  of  all  the  modern  chemifts  which  have  come 
to  my  knowledge,  it  neceflarily  made  apart  of  my  plan 
to  offer  the  moft  complete  fummary  pofiible.  But  I 
ought  to  take  notice,  that  1  have  made  choice  only  of 
the  facts  that  are  neceffary  to  form  the  elements  of 
chemical  knowledge.  From  the  great  number  of  thofe 
which  I  have  mentioned,  I  thought  it  neceffary  to  point 
out  the  fources  from  whence  I  colletled  them,  as  well 
to  give  every  one  his  due,  as  to  put  ftudents  on  the 
method  of  confulting  every  author,  and  of  acquiring 
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he  moft  extenfive  knowledge  on  any  particular  fubjcft. 
For  this   end    what  belongs  to  me,  either  in\he 

W  a  fafa!lllC  ™*«*m.or  in  that  of  the  com- 
buft.ble  ftubfhnces,  I  have  defcribed  with  accuracy, 
which  I  had  occahon  in  particular  to  obferve,  in  order 
that  the  experiments  1  mention  may  be  repeated,  and 
their  reality  evinced. 

The  hiltory  of  the  mineral  waters  is  placed  at  the 
end  of  this  kingdom,  as  we  cannot  comprehend  the 
principles  of  thefe  fluids,  unlefs  we  be  familiarly  ac- 
quainted with  the  properties  of  the  faline  and  com, 
bulhble  fubftauces.  This  article  is  of  confiderable 
length;  and  contains  under  feveral  paragraphs  the  hi- 
ftory  ot  the  waters,  the  enumeration  of  the  bodies 
which  they  can  hold  diffolved,  their  methodical  diftri- 
bution  into  feveral  claffes ;  the  way  of  examining  them 
by  their  phyfical  properties,  by  the  tefts,  by  diftillation, 
and  evaporation;  and  laftiy,  the  means  of  proving  their 
analyfis  by  the  preparation  of  the  artificial  mineral 
water.  The  paragraph  which  comprehends  the  analyfis 
by  the  tells,  is  much  longer  than  the  others.  It  is  de- 
figned  to  prove,  that  thefe  fubftances  may  be  moreufe- 
ful  than  we  have  fuppofed  for  determining  the  prin- 
ciples of  the  waters,  when  we  employ  them  pure  and 
in  a  great  quantity. 

The  plan  which  I  have  laid  down  in  the  Vegetable 
Kingdom  is  a  little  different  from  that  after  which  the 
minerals  are  defcribed.  The  chemiftry  of  vegetables 
is  but  little  advanced.  To  make  as  much  progrefs  in  it 
as  in  the  mineral  kingdom  requires  immenfe  and  diffi- 
cult refearches,  which  can  be  the  effects  of  time  alone. 
Befides,  all  we  know  of  the  chemiftry  of  vege- 
tables is  very  well  defcribed  in  a  great  many  works ; 
and  in  particular  in  that  of  M.  Bucket,  which  isintitled* 
An  introduction  to  the  Study  of  the  Bodies  of  the  Vege- 
table kingdom,  Paris  1773.  I  have  been  therefore 
under  the  neceffity  of  being  more  brief  on  this  head, 
though  I  am  certain  my  plan  contains  all  that  is  known 
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even  the  moft  modern,  on  vegetable  analyfis.  Itwasimpof. 
fible  for  me  to  enter  into  the  botanic  detail ;  and  I  have 
fupplied  its  place,  by  giving  a  fhort  account  of  the  exter- 
nal and  internal  ftrufture,  and  of  the  functions  or  phy-  - 
fiology,  of  vegetables.  In  this  lad  account  1  have  not 
forgot  the  .elegant  experiments  of  M.  Ingenhouz,  by 
which  this  phyfician  has  difcovered,  that  the  leaves  of 
plants,  expofed  to  the  rays  of  the  fun,  are  a  fource, 
from  which  a  ftream  of  pure  air,  deftined  to  renew  the 
atmofphere,  perpetually  ilfues. 

The  chemical  properties  of  vegetables,  which  are 
defcribed  after  the  botanic  philofophy,  may  be  con- 
fidered  under  three  points  of  view  relatively  to  the  ftate 
in  which  thefe  bodies  are  found.  We  either  examine 
the  fluids  or  folids  of  plants,  after  having  feparated 
them  by  mechanical  means,  and  without  their  having 
fuffered  any  alteration;  or  we  fubmit  them  to  the  ac- 
tion of  fire,  which  alters  and  deprives  them  of  their 
nature  ;  or  laltly,  they  undergo,  of  themfelves,  when 
expofed  to  a  warm  temperature,  an  inteftine  motion, 
called  Fermentation.  I  have  reprefented  the  properties 
of  vegetables  under  thefe  three  different  heads. 

In  the  firft,  I  have  treated  of  the  principles  of  which, 
thefe  bodies  are  compofed,  obtained  by  a  iimple,  me- 
chanical, and  even  natural  feparation.  I  have  taken  a 
fucceffive  view  of  the  vegetable  juices,  the  extracts  of 
different  kinds,  the  effential  acid  and  fweet  falts,  man- 
na, the  gums  and  the  mucilages,  the  grofs  and  elfen- 
tial  oils,  camphor,  fpiritus  rector,  the  balfams,  the 
refins,  the  gum-refins,  elaftic  gum,  the  feculent  parts, 
the  farina,  and  laftly  the  colouring  parts,  Among 
thefe  fubftances  I  have  particularly  enlarged  on  fome 
effential  falts,  on  the  acid  of  fugar,  on  fpiritus  reclor, 
on  elaftic  gum,  and  on  the  farinas.  The  importance 
of  thefe  objects,  and  the  refearches  of  feveral  modern 
chemifts,  who  have  made  valuable  difcoveries  on  each 
of  them,  require  them  to  be  more  fully  explained  than 
the  other  fubftances  which  are  more  generally  known. 
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The  analyfis  of  vegetables  by  the  naked  fire  deferves  to 
be  examined  with  care.    Though  this  agent  alters  and 
deprives  them  of  their  nature;  it  may,  however,  be 
employed  with  luccefs,  to  cflablifli  fome  differences  be- 
tween the  principles  of  plants,  and  to  determine  their 
nature.    In  order  to  explain  this  idea,  I  have  enume- 
rated the  phenomena  of  the  diftillation  of  vegetables 
m  the  retort ;  and  I  have  particularly  infifted  on  the 
varieties  of  thefe  phenomena.   I  have  obferved,  that  in 
this  operation,  it  is  effential  to  colled  the  gafeous  va- 
pours m  a  pneumato-chemical  apparatus.    The  charry 
refiJuum,  which  this  fpecies  of  flow  combuflion  leaves, 
is  a  body  of  a  lingular  nature,  and  which  it  would  be' 
of  very  great  importance  to  underftand.    To  roufe  the 
attention  of  chemifts,  I  have  given  all  we  know  of  the 
properties  of  charcoal :  and  laftly,  I  have  finiflied  the 
hiftory  of  the  action  of  fire  on  vegetables,  by  the  exa- 
mination of  the  refiduum  of  their  incinerated  charcoals, 
and  of  the  fixed  falts,  as  potafhes  and  foda,  which  are' 
extracted  from  them. 

The  fpontaneous  changes  which  the  juices  of  plants 
may  undergo  when  expofed  to  a  warm  and  moift 
air,  conftitute  the  third  flate  in  which  we  ought  to 
confider  thefe  fubflances.    Although  it  might  have 
been  poflible  to  difcover  more  than  three  kinds  of 
fermentation,  after  Boerhaave,  I  have  acknowledged 
three  only.    After  having  defcribed  the  conditions 
and  the  phenomena  of  the  fpirituous  fermentation, 
and  mentioned  the  different  vegetable  fubflances  pro- 
per to  undergo  this  interline  motion,  I  have  exa- 
mined wine.    The  two  principles  of  this  product  of  art, 
which  it  is  of  great  importance  to  know,  are  Ardent 
Spirits  and  Tartar.    Thefe  fubflances,  which  are  of 
fuch  advantage  to  chemiflry  and  the  arts,  are  treated 
of  at  great  length,  as  alfo  the  combinations  which  they 
are  capable  of  forming.    The  acetous  fermentation, 
and  vinegar  which  is  produced  from  it,  hold  the  fe- 
cond  rank  in  the  hiflory  of  the  fpontaneous  change? 
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of  vegetables.  In  the  article,  comprehending  this  acid, 
I  have  given  as  full  an  explanation,  as  its  utility  and 
numerous  properties  required.  Laftly,  the  putrid  fer- 
mentation of  vegetables  is  the  bound  where  nature  (tops, 
and  by  which  it  deftroys  the  texture  of  thefe  organic  fub- 
ftances.  The  vegetable  juices  once  brought  to  this  ftate, 
lofe  their  properties,  and  approach  to  the  fimple  and 
elementary  bodies  from  which  they  have  their  origin. 
With  the  phenomena  of  this  alteration  i  have  ended  the 
hiftory  of  the  vegetable  kingdom. 

The  order  which  I  have  obl'erved  in  the  examination 
of  Animals,  nearly  approaches  to  that  I  have  obferved 
in  regard  to  vegetables.  Although  the  analyfis  of 
animal  matters  be  ft  ill  lefs  advanced  than  that  of  the 
produces  of  plants,  I  cannot  help  faying,  that  the  labours 
to  which  1  have  directed  myfelf  concerning  the  animal 
kingdom^  appeared  to  me  more  fatisfactory  than  the 
former  ;  whether  it  was  that  every  thing  which  belongs 
to  this  kingdom  was  capable  of  interefting  a  phyfician 
particularly  ;  or  that  the  collection  of  facts  which  I 
have  made  refpecting  animals  feemed  to  me  more  lin- 
king, and  more  adapted  to  excite  curiofity,  and  in- 
fpire  a  love  of  ftudy.  All  that  concerns  the  organic 
fubftances  in  my  work,  may  be  referred  either  to  their 
natural  hiftory,  to  their  phyfiology,  or  to  the  chemical 
analyfis  of  their  juices. 

Without  entering  into  details  on  the  genera  and 
fpecies,  my  fole  intention  has  been  to  give  beginners 
a  view  of  the  methods  thought  of  by  naturalifts 
of  clalTing  and  diftinguifbing  animals.  In  order  to 
guide  them  in  the  outfet  of  the  ftudy,  I  thought  it 
would  be  ufeful  to  explain  to  them,  in  a  fhort  and 
clear  manner,  the  principles  on  which  thefe  artificial 
divifions  are  founded,  by  explaining,  in  a  few  words 
the  ftructure  of  the  parts  which  ferve  for  characters ' 
and  afterwards,  by  reprefenting  to  them,  in  tables' 
the  moft  approved  methods,  according  to  which  each 
clafs  of  animals  is  difpofed  in  families,  in  fedions, 
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and  in  genera.  Although  thefe  fyftems  of  claflificatioif 
are  far  from  nature,  which  knows  and  produces  indi- 
viduals only,  they  are  neceflary,  however,  to  facilitate 
the  itudy,  by  reprefenting,  in  the  form  of  char-afters 
eaiy  to  be  reramed,  the  ftrufture  of  the  external  parts 
or  animals,  or  by  fparing  much  labour  and  aiding  the 
memory. 

J 

•    TeKPhyfiology  comes  after  the  Natural  Hiftory.  It 
is  dtfcufkd  in  a  few  words ;  for  here  I  have  made  men- 
tion only  of  the  mod  finking  fads  which  are  prefented 
in  the  functions  of  animals,  confidered  from  man  down 
to  the  polype.    1  have  not  taken  notice  of  all  the  fy- 
ftems  which  have  been  propofed  to  explain  the  caufe 
of  their  mechanifm,  becaufe  I  think  them  more  fit  to 
retard  than  to  promote  the  progrefs  of  the  fcience.  I 
obferve  nothing  but  real  facls.  It  appeared  to  me,  that 
by  uniting  the  ftructure  of  the  vifccra  of  each  clafs  of 
animals,  their  functions  were  rather  more  eafily  under- 
ftood.    With  refpecl  to  the  chemical  examination  of 
the  fluid,  the  foft,  and  the  folid  parts  of  thefe  organized 
bodies,  I  have  enlarged  more  upon  it ;  becaufe  that  is 
theneweft  part,  in  general  the  leaft known  by  phyfiolo- 
giftsandphyficians,andat  thefametime  the  moll  capable 
of  favouring  the  progrefs  of  medicine.    The  blood, 
the  milk,  the  fat,  the  bile  and  biliary  calculi,  the  faliva 
and  pancreatic  juice,  the  feminal  fluid,  the  urine  and 
urinary  calculi,  the  fluid  of  perfpiration  ;   all  thefe 
are  examined  in  detail.    I  have  been  particularly  ftu- 
dious  to  determine  the  nature  of  thofe  matters  that  are 
peculiar  to  this  part,  and  to  which  nothing  is  found 
analogous  in  vegetables  ;  fuch  as  the  lymph,  the  fibrous 
part,  the  fufible  falts,  and  the  Angular  fubftance  which 
makes  the  bafe  of  the  phofphoric  glafs  furnifhed  by 
thefe  falts.    Thefe  details  led  me  to  write  the  hiftory 
of  phofphorus,  and  of  the  acid  of  phofphorus.  The 
laft  I  have  profecuted  in  all  its  known  combinations,, 
The  analyfis  of  the  foft  and  white  parts,  of  the  flefh  and 
of  the  bones,  immediately  follows  that  of  their  fluids : 
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the  difcoveries  made  by  the  moderns  concerning  the 
calcareous  phofphoric  fait,  which  makes  the  bafe  of  the 
bones,  and  their  influence  on  the  hiftory  of  the  difeafes 
of  rhefc  organs,  conftitute  one  of  the  neweft  and  molt 
interelting  objects  in  the  chemiftry  of  animals. 

Last  of  aii,  I  briefly  run  over  the  different  anima! 
produces  which  are  of  ufe  in  medicine  and  in  the 
arts :  I  mow  their  known  chemical  properties  :  And 
after  having  pointed  out  the  chemical  analogies  fub- 
fifting  between  the  vegetable  and  animal  fubftances,  I 
confider  the  putrefaction  of  the  laft  as  the  final  altera- 
tion that  they  undergo  ;  which,  by  deftroying  their 
texture,  makes  them  pafs  to  the  ftate  of  fimple  bodies, 
and  enter  the  clafs  of  thofe  which  belong  to  the  inor- 
ganic kingdom 

I  have  divided  the  whole  work  into  feventy  lectures, 
in  refpect  to  the  courfe  which  I  have  every  winter.  This 
divifion  could  not  be  methodical ;  it  is  founded  on  the 
time  which  the  experiments  demand  :  it  can  therefore 
be  of  no  other  advantage  than  that  of  following  my 
lectures,  and  it  has  no  relation  to  the  order  eftabliihed 
in  the  work  itfelf. 

1  have  only  one  word  more  to  fay  on  the  manner 
in  which  each  article  is  treated.  We  may  diftinguifh 
in  it  the  facts  and  the  theory.  The  firft  are  related 
with  the  greateft  precifion,  and  in  the  feweft  words 
poffible  :  it  was  the  only  means  of  uniting  a  great 
number  of  them  in  a  little  fpace.    As  to  the  theory, 

my 

*  This  fihort  account  fuffices  to  mow  of  what  extcnfion  the  plan 
of  the  animal  kingdom  was  fufceptible.  What  I  offer  jufl  now,  ia 
to  be  regardud  only  as  a  flight  fketch  of  a  more  extenfive  work  that 
I  propofe  to  publiih,  which  will  be  defigned  fpecially  for  the  flu- 
dents  of  medicine.  It  will  contain  the  natural  hiftory  of  animals, 
a  comparative  phyfiology,  and  the  chemical  properties  of  their  hu- 
mours, confidered  in  the  different  periods  of  life,  in  the  ftate  of 
health  and  of  difeafe  ;  and  laftly,  the  hiftory  of  the  produces  of  ani- 
mals, employed  as  medicines  :  fo  that  it  will  comprehend  what 
^  moft  important  to  be  known  in  the  animal  kingdom. 
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my  objea  throughout  the  whole  has  been  to  compare 
the  dodrine  of  Stahl  with  the  pneumatic  doarine  of 
feveral  modern  chemifls.  I  declare,  that  I  neither  re- 
ject the  one  nor  adopt  the  other :  I  aflume  the  fimple 
part  of  an  hiftorian.  In  a  fcience,  wholly  confiding  of 
lads,  it  is  only  fafts  which  merit  the  confidence  of 
thofe  who  devote  themfelves  to  its  ftudy.  In  feveral 
places,  however,  I  have  propofed  a  new  theory  :  but  I 
mult  take  notice,  that  I  give  it  as  an  hypothefis  only, 
proper  for  reconciling  fome  faas ;  that  1  am  not  in  any 
way  attached  to  it ;  and  1  would  much  rather  have  found 
out  a  new  faa,  than  have  eftablimed  the  moil  brilliant 
theory.  The  importance  of  this  laft,  however  well 
founded,  and  however  probable  it  may  appear,  is  always 
below  the  merit  of  the  difcoveries;  it  is  deltined  to  be 
overturned  by  a  new  one,  which  in  its  turn  mufl  yield 
to  thofe  that  follow.  However,  as  it  is  abfolutely  im- 
poffible  to  pafs  them  over,  I  have  thought  proper  to 
mention  thofe  which  at  prefent  divide  the  chemifts,  but 
always  with  the  referve  and  diffidence  which  they  ought 
Ho  infpire. 
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WE  caniiot  advance  a  ftep  in  the  fcience  of  nature, 
without  obferving  the  effects  of  the  admirable 
force,  eftablifhed  between  all  the  bodies  of  nature,  by 
which  they  are  reciprocally  attached,  and,  to  ufe  the 
expreffion,  by  which  they  fearch  for  and  endeavour  to 
approach  one  another.  On  this  grand  law  depend  the 
phenomena  of  the  univerfe,  which  the  philofopher 
contemplates,  and  which  the  unlearned  man  cannot 
behold  without  admiration. 

This  force,  fo  effential  to  the  harmony  of  the  world, 
prevails  between  the  fmalleft  as  well  as  between thegreat- 
eft  bodies ;  but  its  laws  are  very  difFerentaccording  to  the 
mafs,  the  volume,  and  the  diftance  of  the  fubflances 
over  which  it  exerts  its  power.  Without  fearching 
after  the  efFecls  of  it  among  the  planetary  bodies,  whofe 
diftance  and  motions  it  regulates,  let  us  obferve  them 
upon  thofe  of  our  own  globe,  and  endeavour  to  difco- 
ver  its  laws. 

Natural 

f  As  the  very  important  article  of  the  chemical  affinities,  which 
makes  thr  fubject  of  the  fecond  le&ure,  appeared  to  me,  after  it  was 
printed,  a  little  too  (hort,  and  not  fo  clear  as  I  had  wifhed,  I  thought 
it  neceffary  to  fupply  the  deficiency,  by  inferting,  at  the  beginning 
of  the  work,  a  differtation,  which  at  firft  1  had  intended  for  another 
occafion.  This  differtation  will  explain  the  fecond  ledure,  which 
was  only  an  extraft  from  it ;  and  I  thought  it  would  not  be  mif- 
placed,  if  inferted  at  the  beginning  of  the  Elements  of  Chemiftry. 
I  ought  alfo  to  remark  beforehand,  that  it  will  confift  of  fafts  only, 
and  that  it  contains  the  grandeft  and  moft  beautiful  phenomena 
which  this  fcience  prefenis. 
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Natural  philofophy  informs  us,  that  two  folid  bodies 
of  the  fame  nature,  when  put  in  contact,  adhere  with  a 
.force  proportionate  to  the  extent  and  polifh  of  the  fur- 
nace with  which  they  touch  each  other.  Thus  two 
planes  of  ice,  two  feftions  of  a  metallic  fphere  flightly 
flipt  on  one  another,  become  as  if  they  were  glued  to- 
gether, and  often  require  an  effort  very  confiderable  to 
ieparate  them.  This  effed  is  ftill  much  more  finking 
in  two  drops  of  the  fame  fluid,  as  oil,  water,  or  mercu- 
ry :  But  at  a  certain  difla  nee  from  one  another,  and 
upon  an  even  furface,  a  reciprocal  attradion  is  obferved ; 
they  advance  toward  one  another,  and  mix,  fo  as  to 
make  only  one  globule.  This  force  is  the  caufe  of  all 
*he  phenomena  obferved  in  chemiftry  :  it  is  of  the 
greateft  importance,  then,  to  fludy  all  its  circurn- 
Itances. 

The  moft  part  of  chemifls  have  diilinguifhed  it  by 
the  name  of  Affinity,  or  of  Relation.  M.°JBergman  has 
called  it  Attraction ;  though  it  feems  to  differ  from  the 
Newtonian  Attraction,  as  will  be  proved  hereafter,, 
It  may  take  place  between  bodies  of  a  fimilar  nature, 
or  between  thofe  of  a  different  nature.  Let  us  obferve 
it  then  under  this  double  point  of  view.  When  two 
bodies  of  the  fame  nature,  as  two  globules  of  mercury, 
put  at  a  certain  diflance  from  one  another,  tend  to 
unite  by  virtue  of  this  force,  and  actually  do  unite  ; 
there  remits  from  that  union  a  globule  of  a  greater 
bulk,  but  which  has  not  changed  its  nature.  In  this 
inflance,  then,  the  force  of  affinity  acts  only  on  the  phy- 
fical  or  apparent  qualities;  It  unites  molecules  of  the 
fame  nature  which  were  feparated  :  it  increafes  the  vo- 
lume, by  confounding  the  maffes,  and  forms  a  whole 
of  feveral  diflinct  parts.  We  give  it  the  name  of  Affi- 
nity of  Aggregation,  in  order  to  diflinguilh  it  from  that 
affinity  which  prevails  between  bodies  of  a  different 
nature.  It  gives  rife  to  an  aggregate.  Its  character  is 
to  change  the  apparent  or  phyfical  properties,  without 
influencing  the  chemical  qualities  in  a  lenfible  manner. 

2  The 
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The  aggregate  is  only  a  coherent  body,  whofe  molecules 
adhere  to  one  another  by  virtue  of  their  force  of  ag- 
gregation. It  is  neceffary  to  mark  the  difference  of  it 
from  the  fimple  collection  or  heap,  which  is  only  a  mafs 
of  parts  of  the  fame  nature  feparated  from  one  another^ 
but  poffeffing  no  cohefion ;  as  well  as  from  mixture, 
whofe  character  confifts  in  being  compofed  of  different 
bodies  mixed  with  one  another,  without  coherence; 
A  familiar  example  will  render  the  thing  very  clear  : — 
Some  flowers  of  fulphur  which  do  not  cohere,  and 
which  can  be  feparated  by  the  lead  effort,  form  a  col- 
lection or  mafs  over  which  the  force  of  aggregation  ex- 
ercifes  no  power  :  Mix  with  them  another  mafs,  as  that 
of  nitre  in  powder,  and  you  obtain  a  confufed  mixture  : 
By  the  aid  of  fufipn,  you  make  the  affinity  of  aggrega- 
tion act  ;  then  the  molecules,  or  integrant  parts  of  ful- 
phur, drawn  towards  one  another  by  means  of  their 
ftate  of  liquefaction,  approach,  unite,  and  mix,  adhe- 
ring fo  to  one  another,  that  after  they  are  cooled  they 
conltitute  a  folid  body  of  a  fingle  mafs,  and  become  a 
true  aggregate. 

The  force  or  the  affinity  of  aggregation  has  diffe- 
rent degrees,  which  are  meafured  by  the  attachment 
which  the  component  parts  of  an  aggregate  body  {how 
to  one  another  refpe&ively.  It  is  the  effort  neceffary 
to  feparate  the  parts  of  an  aggregate  which  ferves  to 
calculate  the  degree  of  adhefion,  or  of  the  affinity  of 
aggregation  which  £uK<ts  between  them.  We  diftin- 
guifh  four  genera  of  aggregates,  under  which  may  be 
comprifed  all  the  bodies  of  nature. 

i.  The  hard  or  folid  aggregate;  in  which  the  force, 
Which  unites  the  component  parts,  is  very  considerable, 
and  which  requires  a  violent  effort  to  be  deprived  of 
its  aggregation.  There  are  many  fpecies  or  degrees  in 
this  genus,  from  the  hardnefs  of  precious  ftones  or  o 
rock  cryftal,  down  to  the  folidity  of  the  moft  tender 
wood.  Its  character  is  to  form  a  mafs,  the  integrant 
parts  of  which  cannot  be  fcnfibly  moved  without  being 
broken  or  feparated*  & 
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2.  The  foft  aggregate ;  whofe  coherent  parts,  by 
means  of  a  flight  effort,  can  Hip  on  one  another,  and 
change  their  lituation.  The  force  which  unites  the 
parts  of  a  foft  body  is  lefs  than  that  which  makes  the 
parts  of  a  foiid  aggregate  cohere  ;  fo  lefs  force  is  requi- 
red to  deltroy  the  aggregation. 

3.  The  fluid  aggregate.  Its  component  parts  are 
very  (lightly  united,  the  lead  force  being  capable  not 
only  of  making  them  roll  and  Aide  on  one  another,  but 
even  of  feparating  and  dividing  them  into  globules. 

4.  Laflly,  the  aeriform  aggregate,  whofe  component 
molecules  are  too  fine  to  be  perceived,  as  the  air  of  the 
armofphere,  and  in  which  the  affinity  of  aggregation 
prevails  in  the  lmallelr.  poffible  degree. 

To  fpeak  properly,  thefe  four  genera  of  aggregation 
are  only  different  degrees  of  the  fame  force,  but  which 
we  have  thought  neceflary  to  diftinguifh  with  care, 
becaufe  their  varied  ftate  fmgularly  influences  the  che- 
mical phenomena.  It  may  be  proved  in  the  moft  fa- 
tisfactory  manner,  that  in  reality  they  are  only  degrees 
of  one  another,  fince  many  bodies  may  be  found  fuc- 
ceffively  in  all  the  four  ftates.  Water,  in  the  form  of 
ice,  is  a  folid  aggregate  :  When  expofed  to  a  colder 
temperature,  it  flows,  and  acquires  a  kind  of  foftnefs, 
which  it  is  feen  to  affume  in  the  fame  manner  when 
expofed  to  a  gentle  heat  *.  All  the  world  knows  its 
fluid  ftate;  and  naturalifts  have  calculated  the  power  of 
expanfibility  which  it  potteries,  when  expofed  to  the 
ftate  of  vapour,  or  in  the  aeriform  aggregation.  It  is 
the  fame  with  regard  to  the  metals,  the  oils,  the  con- 
crete oils,  wax,  and  other  fubftances. 

In  proportion  to  our  advancement  in  the  knowledge 
of  the  laws  of  affinity,  it  will  be  perceived  how  impor- 
■  tant 

*  This  exprefiion  in  the  original  is  not  very  elegant  ;  and  feems, 
we  think,  not  to  convey  fully  the  author's  meaning  :  on  which  ac- 
count it  may  not  be  improper  to  hint,  that  it  requires  fome  fait  to 
produce  this  efFed  ;  which  addition  is  known  to  convert  the  ice  into 
a  ftate  of  fluidity,  and  at  the  fame  time  to  render  the  mixture  coo- 
fiderabiy  colder. 
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tant  it  is  to  diftinguim  and  afcertain  exactly  thefe  four 
genera  of  aggregation  :  It  is  chiefly  from  the  actual 
itate  of  the  force  of  aggregation,  with  refpeft  to  the 
true  affinity,  which  we  {hall  foon  examine,  that  it  be- 
comes ufeful  to  fix  the  ideas  on  this  fubject. 

As  thefe  two  forces,  which  feem  to  depend  on  the; 
fame  caufe  or  to  have  the  fame  principle,  are,  however, 
always  oppofite  to  one  another  in  the  chemical  pheno- 
mena ;  for  we  may  infer  from  facts,  which  we  (hall 
mention  afterwards,  that  they  are  even  in  the  inverfe 
ratio  of  one  another;  therefore,  when  the  chemift  wifhes 
to  have  the  one  act,  it  is  indifpenfably  necefTary  that  the 
other  be  weakened,  or  even  that  it  be  rendered  of  no 
effect.  Now,  about  what  we  have  been  hitherto  fpeak- 
ing,  it  is  almoft  always  fuch  that  it  has  the  intention  of 
diminifhing,  and  it  is  alfo  fuch  that  art  may  modify  ac- 
cording to  pleafure. 

In  order  to  deftroy  or  weaken  the  affinity  of  aggre- 
gation, we  have  only  to  prefent  to  an  aggregate  a  more 
active  external  force  than  that  which  draws  its  mole- 
cules to  one  another  ;  and  befides,  it  is  perceived  that 
this  force  ought  always  to  be  proportioned  to  the  ad- 
hefion  of  the  parts  of  the  bodies  whofe  aggregation 
we  wilh  to  deftroy.  Such  is  the  grand  rule  which  we 
ought  always  to  obferved  in  the  preparatory  operations, 
the  only  purpofe  of  which  is  to  annihilate  the  affinity 
of  aggregation.  Pulverifation,  porphyrifation,  the  ac- 
tion of  lime,  of  the  file,  of  the  fciifarS)  all  deftroy 
the  cohefion  of  folids,  and  feparate  their  parts.  Filtra- 
tion and  evaporation  produce  the  fame  effect  on  fluids. 
We  (hall  fay  nothing  of  thefe  different  operations^ 
which  belong  folely  to  practice  ;  we  juft  mention  them 
here,  to  mow  the  relation  they  have  to  theory. 

If  art  hold  out  numberlefs  wavs  to  oppofe  the  force 
of  aggregation,  and  even  to  deftroy  it  entirely,  the 
fame  art  alfo  furnifhes  means  to  reftorc  and  to  make  this 
force  act  with  all  the.energyof  which  it  is  capable.  All  the 
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manipulations  which  it  teaches  us  for  this  purpofe  con- 
fift  in  putting  the  bodies,  whofe  aggregation  it  is  pro- 
pofed  to  reftore,  into  fuch  a  ftate  of  divifion  and  flui- 
dity, that  their  molecules,  endowed  with  the  motion 
which  is  proper  to  rhem,  may  attract,  fearch  for,  and 
adhere  to  one  another,  wiih  furfaces  the  molt  con- 
venient ;  fo  that  by  their  union  they  conftitute  an 
aggregate,  whofe  regular  figure  and  cohefion  often 
equal  thole  which  nature  gives  them,  and  frequently 
even  furpafs  it.    On  this  occafion  it  may  be  remarked, 
that  all  the  aggregate  bodies  may  be  diftinguifhed  un- 
der two  (fates,  that  of  irregular  or  regular  aggregates. 
Nature  has  given  every  body  the  property  of  appearing 
in  one  or  the  other  of  thefe  two  ftates  ;  and  art,  always 
the  imitator  and  often  the  rival  of  nature,  may  produce 
at  its  pleafure  an  irregular  or  regular  aggregate.  All 
the  bodies  that  are  fufceptible  of  palling  through  the 
different  ftates  of  aggregation,  which  we  have  more 
fully  diftinguifhed  above,  particularly  the  falts  and  the 
metals,  according  to  the  manner  in  which  the  artift 
modifies  their  paffage  from  fluidity  to  folidity,  may  ap- 
pear in  the  form  of  a  fhapelefs  mafs,  or  in  that  of  a 
body  with  regular  facets  ;  in  a  word,  in  that  of  a  cry- 
ftal.    To  obtain  the  firft  ftate,  it  is  only  neceflary  to 
keep  the  molecules  of  the  bodies,  put  into  a  ftate  of 
fluidity,  very  near  one  another,  and  to  make  their  li- 
quefaction ceafe  fuddenly ;  fo  that  all  of  them  may 
touch  at  once,  that  the  affinity  of  aggregation  may  aft 
upon  all  at  the  fame  time,  and  that  they  may  adhere  in 
a  folid  mafs.    On  the  contrary,  cryftallization  requires 
that  we  keep  the  parts  of  the  bodies  which  we  wifh  to 
chryftalizf ,  feparate  from  each  other,  in  order  that  they 
may  be  balanced  fome  time  before  they  unite,  and  in 
order  that  they  may  mutually  prcfent  the  furfaces  which 
have  the  greateft  relation. 

After  thefe  brief  details,  we  fee,  that  cryftalliza- 
tion is  entirely  owing  to  the  affinity  of  aggregation, 
which  it  even  ferves  to  illuftrate.    It  is  in  this  point  of 

view 
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view  that  we  have  confidered  it  hitherto  :  we  referve  a 
more  full  explanation  of  the  phenomena  of  this  pro- 
perty for  different  places  of  the  elements. 

When  two  bodies  of  a  different  nature  endeavour 
to  unite,  they  combine  by  virtue  of"  a  force  different 
from  that  which  we  have  been  examining,  and  to 
which  we  give  the  name  of  affinity  of  compofition ^  or 
combination.  This  fpecies  of  affinity,  ftill  more^  im- 
portant to  be  known  than  the  firft,  takes  place  in  all 
the  operations  of  chemiftry :  it  is  it  alone  which  can 
explain  to  the  chemift  the  phenomena  that  continually 
occur  to  him.  This  force  has  been  at  all  times  known; 
but  that  attention,  which  it  deferves,  has  only  been 
paid  it,  fince  it  has  been  perceived,  that  it  influences 
the  practice  as  much  as  it  does  the  theory  of  the 
fcience  in  which  we  are  employed.  It  is  chiefly  the 
affinity  of  compofition  which  ought  to  guide  the  artift 
who  labours  to  advance  chemiftry,  and  the  philofopher 
'who  collects  and  compares  facts.  This  ought  to  be 
the  object  of  both  ;  and  it  may  be  advanced,  that  he 
who  is  well  acquainted  with  the  affinities  poffeffes  the 
grandeft  and  mod  fublime  knowledge  in  chemiftry. 

Strongly  convinced  of  this  truth,  we  are  next  to  en- 
deavour to  make  a  faithful  collection  of  all  the  facts 
that  relate  to  it,  by  laying  afide  the  hypothefes  which 
have  been  given  of  the  caufe  of  affinity. 

Obfervation,  the  mother  of  chemiftry  as  of  all  the 
fciences  of  facts,  has  taught,  that  the  affinity  of  compo- 
fition prefents  conftant  and  invariable  phenomena, 
which  we  may  regard  as  the  laws  eftablifhed  by  nature, 
and  which  nature  feems  to  hide  only  from  the  eyes  of 
thofe  who  cannot  follow  and  ftudy  it.  Thefe  laws, 
founded  on  a  great  number  of  pofitive  experiments, 
may  be  reduced  to  ten,  which  we  Avail  proceed  to  ex- 
plain. 

C  2  Fir  /I 
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Fit  ft  Law  of  Affinity  of  Composition. 

The  affinity  of  compofition  prevails  only  among  bodies  of  a 

different  nature. 

This  law  is  invariable,  and  never  admits  of  exception. 
It  is  abfolutely  neceffary  that  two  bodies  be  of  a  diffe- 
rent nature,  in  order  to  combine,  and  form  a  com- 
pound. Indeed,  if  two  bodies  of  a  fimilar  nature 
unite  with  one  another,  from  that  union  an  aggre- 
gate can  only  refult,  whofe  mafs,  volume,  and  dimen- 
iions,  will  be  equally  augmented ;  but  which  mail  not 
have  loft  any  of  its  efTential  properties.  This  will  be 
the  effect  of  the  force  of  aggregation  only,  which  will 
keep  them  united,  as  we  have  already  obferved  in 
fpeaking  of  that  kind  of  affinity.  Hence  we  eafily  per- 
ceive the  difference  between  the  affinity  of  aggregation 
and  the  affinity  of  compofition. 

This  law  is  fo  true  and  fo  conftant,  that  the  affinity 
of  compofition  is  never  ftronger,  than  when  the  bodies, 
between  which  it  takes  place,  differ  moft  in  their  na- 
ture from  one  another.  It  is  thus  that  the  acid  falts, 
oppofite  in  their  properties  to  the  alkalis,  combine  with 
them  fo  intimately,  and  form  compounds  fo  perfect. 
The  fame  oppofition  of  properties  is  found  between  the 
alkalis  and  fulphur,the  fame  falts  and  oil,  the  acids  and 
the  metals,  fpirit  of  wine  and  water,  all  of  them  fabflances 
which  have  a  great  tendency  to  unite  with  one  another 
and  conftitute  very  intimate  compounds.  It  is  fo  much 
the  more  neceffary  that  this  grand  law  of  the  affinity  of 
compofition  be  well  undeftood,  that  feveral  chemifls, 
at  the  head  of  whom  we  ought  to  place  Stahl,  have 
endeavoured  to  prove,  that  bodies  never  combine  but 
by  virtue  of  a  certain  relation  or  of  a  certain  refem- 
blance  between  their  properties;  a  principle  which  cannot 
fubfifl,  as  foon  as  we  conceive  the  extent  which  we  give 
to  this  firfl  law.  By  reading  what  the  greateft  chemifls 
have  faid  of  this  matter,  we  perceive,  that  the  relations 
which  they  endeavour  to  find  between  the  fubftances 

which 
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which  have  a  great  tendency  to  unite,  are  always  very 
far-fetched ;  and  that  it  is  poflible,  with  pains,  to  find 
the  like  in  bodies  the  moft  oppofite.  Befides,  it  is  eafy 
to  fee,  that  thofe  men  of  genius,  by  devoting  themfelves 
to  thefe  refearches,  have  had  in  view  the  intention  of 
rendering  clearer  the  theory  of  the  affinities ;  and  thofe 
who  know  how  difficult  it  is  to  eftablifli  fyftems  in  hu- 
man knowledge,  will  ever  have  grateful  feelings  for 
them :  their  works  are  always  ufeful,  for  the  adduction 
of  facts,  and  the  connection  which  they  fliow  between 
them;  but  truth,  to  which  we  owe  our  firft  homage, 
conftrains  us  to  avow  our  ignorance  of  the  caufe  of 
this  grand  phenomenon  which  we  admit  to  be  a  law. 

Second  Law  of  the  Affinity  of  Composition. 

The  affinity  of  compofition  takes  place  between  bodies  in  the 
point  of  contacl  only. 

In  this  fecond  law  we  find  a  fure  character  quite 
as  conftant  and  as  invariable  as  in  the  firft,  to  diftin- 
guifh  the  affinity  of  compofition  from  the  Newtonian 
attraction,  with  which  feveral  natural  philosophers  have 
chofen  to  confound  it.  Before  we  demonftrate  this 
grand  difference,  let  us  eftablifh  the  bafis  of  facts,  by 
which  it  is  fupported.  Chemifts  can  never  combine 
two  bodies,  except  by  putting  them  in  contact.  The  more 
this  contact  is  multiplied,  the  more  the  furfaces  by 
which  it  takes  place  are  themfelves  multiplied,  the 
ftronger  is  the  affinity,  and  the  more  complete  the  com- 
bination. It  cannot  take  place  at  the  fmalleft  diftance : 
it  then  yields  its  place  to  the  affinity  of  aggregation, 
which  by  this  character  appears  to  approach  attraction, 
and  to  be  only  a  modification  of  it. 

Some  facts  feem  to  contradict  this  law ;  but  thofe  are 
only  deceitful  in  appearance.  Thus,  for  example,  we 
know  that  two  bodies,  which  have  the  quality  of  being 
very  eafily  converted  into  the  ftate  of  gas,  as  the  marine 
acid  and  volatile  cauftic  alkali,  kept  at  a  certain  di- 
ftance from  one  another  in  open  veflels,  approach, 

C  3  attract 


38         DISSERTATION  ON  THE 


attratt  each  other,  and  at  lad  touch  and  unite.  But 
the  force  which  makes  them  thus  attract  each  other,  is 
only  the  affinity  of  aggregation  ;  fince,  before  being  in 
contact  with  one  another,  they  exactly  preferve  their 
nature,  and  lofe  it  to  form  a  compound,  known  by  the 
name  ok  fal  ammoniac,  only  when  they  are  near  enough 
to  touch  and  to  mix. 

Now  this  law  ftrikingly  diftinguifhes  the  affinity  of 
combination  from  the  Newtonian  attraction,  fince  this 
laft  takes  place  only  at  very  great  diftances,  and  even 
changes  into  a  quite  oppofite  force,  that  of  repulfion, 
when  the  great  bodies  on  which  it  acts  are  placed  at  a 
certain  diftance  from  one  another.  There  is  then  a 
very  great  difference  between  thefe  two  forces,  and 
they  ought  not  to  be  confounded,  as  feveral  modern 
philofophers  feem  willing  to  do. 

Third  Law  of  the  Affinity  of  Composition. 

The  affinity  of  compofttion  takes  place  between  fmall 

bodies  only. 

That  this  law  may  be  well  underftood,  it  is  quite 
neceffary  to  diftinguifh  the  chemical  from  the  phy- 
fical  fubjects.  The  laft  are  bodies  whofe  external 
properties,  as  the  mafs,  the  volume,  the  furface,  the 
extent,  the  figure,  may  be  fubjectcd  to  calculation,  and 
eftimated  according  to  the  evidence  of  the  fenfes.  They 
are  aggregates,  whofe  qualities  the  philofopher  can  ob- 
ferve  and  compare.  The  chemical  fuhje  cts,  on  the  con- 
trary, are  fubftances  which  have  loft  their  aggregation, 
and  confequently  no  longer  prefent  to  the  fenfes  the 
phyfical  properties  of  the  aggregates.  Thefe  are  mole- 
cules fo  fubtle  and  fo  fine,  that  their  extent  cannot  be 
meafured,  nor  their  figure  and  volume  known.  It  is 
only  when  bodies  have  been  reduced  to  this  degree  of 
finenefs  by  the  different  previous  operations,  which  have 
been  more  fully  infifted  on  already,  that  they  yield  to 
the  affinity  of  combination ;  and  the  chemift  can  com- 
bine them  only  when  he  prefents  them  to  each  other  in 
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this  ftate.  It  feems  that  this  force  refides  in  bodies  in- 
finitely  fmall ;  that  it  is  a  property  which,  to  fay  fo,  be- 
longs only  to  the  laft  elements  of  bodies.  However, 
we  fee,  even  by  this  law,  in  what  it  differs  from  attraction, 
which  fubfifts  only  between  great  mattes.  We  are 
fenfibie  how  difficult  it  would  be  to  find  out  the  caufe 
of  it ;  and  we  cannot  help  regarding  as  inefficient  this 
theory,  otherwife  fo  feducing  to  the  imagination,  which 
makes  the  affinity  of  combination  confift  in  attraction, 
modified  by  the  figure  and  the  furface,  the  ratio  of 
which  feems  indeed  neceifarily  to  influence  the  fmallelt 
maffes,  though  it  be  abfolutely  of  no  effed  on  the  pla- 
netary bodies,  which  are  kept  and  rolled  in  their  orbits 
by  the  fecond  of  thefe  forces. 

Fourth  Law  of  the  Affinity  a/Composition. 

The  affinity  of  compoftion  may  take  place  among  fever al 

bodies. 

This  is  one  of  the  laws  of  affinity,  in  which  we 
are  the  lead  advanced,  and  with  which  we  are  as  ' 
yet  but  little  acquainted.  A  great  deal  is  known  of  af- 
finities and  combinations  between  two  bodies.  Much 
Id's  is  known  of  thofe  between  three  bodies,  and  we 
have  fearce  any  example  of  four  bodies  which  can 
remain  united  to  one  another  with  an  equal  affinity. 
There  are  few  fubftances,  except  the  metals,  which  ex- 
hibit fimilar  combinations,  and  which  can  be  united  in 
the  number  of  two,  three,  or  four.    It  is  probable  that 
compounds  exift  of  more  than  four  bodies,  of  fix  or 
eight  for  example;  but  as  yet  art  has  thrown  no  light 
on  that  point.    The  reafon  of  the  fmall  progrcfs  in  the 
ftudy  of  this  law  of  affinity  will  be  clearly  mown,  when 
we  treat  of  the  fixth  law.    The  affinity  fubfilting  be- 
tween feveral  bodies,  gets  its  name  from  their  number ; 
as,  the  affinity  of  two,  three,  or  four  bodies,  and  fo  on. 

The  advancement  of  chemiftry  in  modern  times,  the 
multiplicity  of  the  refearches  to  which  men  are  every- 
where devoted,  and  the  fcrupulous  exactnefs  in  them 
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Which  at  prefent  prevails,  make  us  hope  that  in 
time  we  mU  arrive  at  the  knowledge  of  thcfc  affinities, 
which  we  mall  call  Complicated. 

Fifth  Law  of  the  Affinity  ^/Composition. 
That  the  affinity  of  compofition  may  aa  betwixt  two  bodies, 
it  is  neceffary  that  one  of  them  be  fluid. 
It  is  a  long  time  fince  this  law  was  known  by  the 
Chemifts,  and  exprcffed  by  the  axiom,  Corpora  non  amnt 
mfi  foluta.    The  longeft  and  moit  cxacl  obfervation  has 
taught  us,  that  two  lolid  fubftances  cannot  combine  with 
each  other.    For  this  reafon,  bodies  which  have  the 
greateft  tendency  cannot  unite,  unlefs  the  one  be  in  a 
fluid  form.    The  more  fluid  the  fubftances  are  which 
the  chemiij  is  to  combine,  and  confequently  the  lefs 
aggregate  force  they  have,  the  more  eafiiy  and  the  more 
intimately  are  they  united.     Hence  no  combination 
takes  place  with  more  activity,  and  produces  a  more 
perfect  compound,  than  two  gales  put  in  contact.,  as  the 
marine  acid  and  volatile  alkaline  gafes.    But  it  is  not 
neceflary  that  two  bodies  which  we  want  to  unite  be 
both  fluid  ;  it  is  enough  that  one  of  them  is  lb.  In 
their  union  there  appears  a  phenomenon  which  Che- 
mifts call  Solution  ;  that  is,  the  attenuation,  the  divi- 
fion,  and  entire  feparation  of  the  folid  body,  put  in  con- 
tact with  the  fluid.    To  underfland  this  phenomenon 
thoroughly,  we  muft  conceive,  that  the  affinity  of  com- 
bination "exifting  between  two  fubftances,  the  one  li- 
quid, and  the  other  folid,  as  the  vitriolic  acid  and  a  bit 
of  chalk,  is  ftronger  than  the  affinity  of  aggregation 
which  unites  the  molecules  of  the  chalk,  and  makes  a 
folid  body  of  it.    Now,  as  by  the  third  law  this  affinity 
takes  place  only  between  fmall  bodies,  it  is  quite  ne- 
ceflary that  the  chalk  fliould  lofe  its  aggregation,  and 
be  reduced  into  very  fmall  molecules,  in  order  to  enable 
it  to  unite  with  the  vitriolic  acid  and  form  felenite.  In 
every  folution  the  ancient  Chemifts  have  diftinguifhed 
the  folvent,  and  the  body  to  be  diflblved  j  the  nrft  was 
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the  fluid  body,  the  fecond  the  folid.  This  diftin&icm, 
which  fuppofes  a  force  in  the  fluid  fuperior  to  that  which 
exifts  in  the  folid  aggregate,  cannot  be  admitted  by  the 
modern  chemifts,  who  obferve  with  M.  Gellert,  that  the 
action  on  the  part  of  both  the  bodies  in  folution  is 
equal ;  and  that,  in  the  Tore-cited  example,  the  vitriolic 
acid  would  not  deftroy  the  aggregation  of  the  chalk, 
did  not  this  laft  on  its  part  tend  to  combine  with  the 
vitriolic  acid,  and  attract  it  as  much  as  the  acid  does  the 
chalk.  This  word  fohent,  therefore,  at  prefent  given  to 
the  fluids,  is  very  little  chemical,  and  only  conveys  the 
idea  of  a  mechanical  operation  ;  it  would  therefore  be 
very  properto  profcribe  it.  As  unluckily  the  ufe  of  it  has 
prevailed,  we  muft  remember,  that  when  in  chemiftry 
it  is  faid  that  one  body  diffolves  another,  we  only  ex- 
prefs  the  phyfical  ftate  of  fluidity  of  the  firft  body,  and 
do  not  afcribe  to  it  an  activity  or  a  greater  energy  than 
to  the  folid,  which  poflefies  the  fame  or  even  a  fuperior 
force  ;  fince  the  tendency  which  it  has  to  combine  with 
the  fluid  is  fuch,  that  it  overcomes  its  aggregation,  and 
deftroys  it  entirely. 

This  falfe  idea  of  folution,  which  has  prevailed  even 
to  thefe  latter  times,  has  undoubtedly  arifen  from  the 
mechanical  theory,  which  fome  chemift  natural  philo- 
fophers  have  given  to  this  operation  of  nature^  That 
theory,  which  is  found  in  every  page  of  Lemery's  che- 
miftry, confifts  in  viewing  the  folvents,  an  acid  for  in- 
ftance,  as  anaflemblage  of  points  or  very  acute  needles; 
and  the  compound  to  be  diflblved,  as  an  infinity  of 
pores,  which  receive  the  points  of  the  acid  that  fe- 
parate  the  parts  of  the  body  to  be  diflblved,  detach 
and  reduce  them  into  fuch  a  ftate  of  divifion,  that  it 
feems  to  d'ifappear  and  efcape  from  the  fight.  It  is  fuf- 
ficient  to  mention  this  opinion  in  order  to  refute  it,  and 
to  make  it  appear  how  different  it  is  from  the  accuracy 
which  at  prefent  prevails  in  inquiries  into  the  phyfical 
fciences. 

Sixth 
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Sixth  Law  of  the  Affinity  of  Composition. 
The  affinity  of  compofition  is  in  the  inverfe  ratio  of  the  af- 
finity of  aggregation. 

The  mention  of  this  law  teaches  us,  that  the  weaker 
the  aggregation,  the  ftronger  the  affinity  of  combina- 
tion ;  and,  on  the  contrary,  the  ftronger  the  aggrega- 
tion, the  weaker  the  affinity  of  combination.  No  doubt 
can  remain  of  this  affertion,  after  what  has  been  faid  in 
treating  of  each  of  the  preceding  laws.  Thefe  two 
forces  appear  in  facl:  to  be  oppolite,  and  mutually  to 
counterbalance  one  another.  In  facl:,  the  affinity  of  ag- 
gregation refifts  the  combination  of  bodies :  thus,  thofe 
whofe  aggregation  is  very  ftrong,  have  very  little  ten- 
dency to  combination  ;  whilft  the  fubftances  which  have 
but  a  very  fmall  aggregation,  have  at  the  fame  time  a 
very  ftrong  power  of  combination.  The  gafes,  for  ex- 
ample, which,  of  all  the  fubftances  that  are  known,  have 
the  weakeft  aggregation,  have  at  the  fame  time  the 
ftrongeft  tendency  to  combination,  and  unite  with  the 
greateft  number  of  bodies  with  the  utmoft  readinefs. 

Laftly,  to  prove  farther  and  to  extend  this  great  law, 
we  have  no  hefitation  in  believing,  that  as  there  are 
many  cafes  in  which  aggregation  oppofes  itfelf  to  com- 
bination, as  in  all  folid  bodies,  the  metals,  fulphur,  the 
very  hard  and  mafly  faline  cryftals,  which  cannot  be 
united  with  the  acids,  alkalis,  and  water,  in  their  ftate 
of  folidity  ;  fo  there  are  feveral  cafes  in  which  the  aftu 
nity  of  compofition  not  only  oppofes,  but  even  deftroys, 
the  force  of  aggregation.  Thus  when  we  bring  two 
fluids  near  to  each  other  which  have  a  ftrong  affinity, 
and  which  are  apt  to  be  volatilized  into  a  vapour  or 
gas,  as  marine  acid  and  volatile  alkali,  each  of  them 
exhales  a  great  quantity  very  quickly,  and  allows  a  vi- 
fible  fume  to  efcape,  which  is  nothing  but  the  fame 
fubftance,  whofe  aggregation  is  broken  by  the  force  of 
combination,  and  which  approaches  and  comes  in 
contact  with  that  which  is  near  to  it,  in  order  to  unite 
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with  it.  This  phenomenon  takes  place  when  we  put 
marine  acid  and  volatile  cauftic  alkali  into  two  glaffes 
at  the  fide  of  each  other. 

Seventh  Law  of  /fo  Affinity  of  Composition. 
When  two  or  feveral  bodies  unite  by  the  affinity  of  compo- 
Jit  ion,  their  temperature  changes  in  the  inflant  of  their 
union. 

-  This  phenomenon  appears  to  us  fo  conflant  in  all 
combinations  effected  by  art,  that  we  think  proper  to 
confider  it  as  -one  of  the  laws  of  the  affinity  of  compo- 
fition.  The  temperature  of  bodies  which  combine 
may  be  altered  in  two  ways  ;  they  produce  either  heat 
or  cold.  The  firft  occurs  more  frequently  than  the  laft: 
but  as  fome  cold  is  produced  in  feveral  fynthetical  ope- 
rations, we  have  expreffed  this  phenomenon  by  the 
change  of  temperature  in  general. 

It  may  be  objected,  that  there  are  certain  folutions  or 
flow  combinations,  in  which  the  change  of  temperature 
is  not  apparent.  We  beg  of  thole  who  mall  be  led  to 
make  this  objection,  to  plunge  a  comparative  thermo- 
meter into  fuch  folutions,  and  they  will  be  very  foon 
convinced  that  their  temperature  is  always  different,  and 
almoft  always  hotter  than  that  of  the  atmofphere.  This 
phenomenon  alfo  appears  to  depend  on  the  change  of 
the  aggregation  of  the  fubftances  combined,  on  their  paf- 
fage  from  a  folid  to  a  fluid  ltate,  or  from  a  fluid  to  a  folid, 
according  to  the  accurate  obfervation  of  M.  Baume, 
whom  we  fliall  fpeak  of  elfewhere.  But  as  this  change 
of  aggregation  itfelf  depends  on  the  action  of  the  affini- 
ty of  combination,  it  is  evident  that  it  is  this  affinity 
which  changes  the  temperature  as  well  as  the  aggrega- 
tion. 

We  will  mention,  when  we  come  to  treat  of  heat  and 
its  nature,  that  the  variations  of  heat  which  take  place  in 
the  act  of  combination,  are  owing  to  the  different  move- 
ments that  affeQ  the  molecules  of  the  bodies  which  unite 
with  one  another. 

Eighth 
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Eighth  Law  of  the  Affinity  ©/"Composition. 
Two  or  more  bodies  which  have  united  by  the  affinity  of 
composition,  form  afubjlance  whofe  properties  are  new, 
and  very  different  from  thofe  which  any  of  the  Jubflances 
had  before  their  union. 

This  law  it  is  of  the  utmoft  importance  to  eftablifh 
clearly,  becaufe  fome  of  the  greateft  chemifts  of  this 
age  have  entertained  ideas  of  the  properties  of  com- 
pounds, which  do  not  appear  to  us  to  correfpond  with 
the  greateft  number  of  fads,,  and  which  flatly  contra- 
dict, that  which  we  offer  here  as  one  of  the  princi- 
pal and  moft  remarkable  phenomena  of  the  affinity  of 
compofition. 

Stahl  and  his  followers,  whofe  genius  in  other  refpects 
rendered  fuch  important  fervices  to  chemiftry,  have  ad- 
vanced, that  compounds  always  partake  of  the  proper- 
ties of  the  bodies  which  enter  into  their  compofition, 
and  that  they  have  mean  qualities  between  thofe  of  their 
condiment  parts.    They  have  even  carried  this  idea  fo 
far  as  to  believe,  that  it  is  poffible,  from  the  properties  of  a 
compound  fubftance,  to  difcover  the  nature  of  thofe  which 
enter  into  its  compofition.  Thus  Stahl  has  announced, 
that  the  falts  are  formed  of  water  and  earth,  becaufe  he 
thought  that  he  found  in  them  all  the  mean  properties 
of  thefe  two  fubftances.    As  we  referve  the  difcuffion 
of  this  grand  doctrine  until  we  come  to  treat  of  the  falts 
in  general,  we  mail  mention  nothing  on  this  head.  We 
ihall  only  obferve,  that  the  chemifts  who  have  followed 
Stahl  in  this  opinion,  have  not  been  more  fuccefsful  in 
their  proofs  than  he  has  been ;  and  that  the  mean  proper-? 
ties  which  they  endeavour  to  find  in  compounds,  have 
for  the  moft  part  but  a  very  diftant  relation  to  thofe  of 
their  component  parts  ;  a  circumftance  which  we  fhall 
demonftrate  by  the  moft  remarkable  examples,  chofen 
and  adduced  by  Stahl  himfelf.    We  cannot  help  even 
declaring,  that  it  is  the  difficulty  which  he  feems  to  have 
had  in  the  eftablifhment  of  this  idea  in  his  works,  and 
the  conitraint  which  reigns  in  his  explanations,  that 
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have  induced  M.  Bucquet  and  myfelf  to  obferve  this 
theory  attentively,  and  have  led  us  to  adopt  another  en- 
tirely oppofite  to  it.  In  tact,  to  demonftrate  rigoroufly 
the  exiftenee  of  the  law  of  which  we  are  treating,  it 
will  be  fufficient  to  produce  examples  of  compofuions 
whofe  properties  are  entirely  new,  and  do  not  in  the 
lead  referable  thofe  of  their  component  parts.  Now  the 
hiftory  of  all  the  chemical  combinations  confirms  what 
we  are  advancing;  there  is  none  of  them  which  does  not 
ferve  to  eftablifh  the  truth  which  we  lay  down.  We 
are  going  to  fdect  fome  ftriking  proofs  in  well-known 
compofitions ;  and  we  mean  to  mow,  1 .  That  bodies 
that  are  united,  lofe  the  properties  which  each  of  them 
had  in  their  feparate  ftate  :  2.  That  they  acquire  new 
ones  that  are  quite  different.  In  order  to  be;  more  me- 
thodical, let  us  fix  on  fome  properties,  the  variations  of 
which  may  be  perceptible. 

The  tajle  is  frequently  very  confiderable  in  two 
diftinct  bodies,  which,  when  they  are  combined,  they 
poffefs  in  a  very  weak  degree,  if  we  compare  it  to 
that  of  the  former  ftate.  Vitriolated  tartar,  which 
refults  from  the  combination  of  two  powerful  cauftics, 
the  oil  of  vitriol,  and  pure  alkali  of  tartar,  has  a  very 
bitter  tafte  only  ;  which  certainly  cannot  be  faid  to 
be  a  mean  between  the  caufticity  of  thtfe  two  falts. 
On  the  other  hand,  two  bodies  which  have  none 
or  but  little  tafte,  acquire  a  very  ftrong  one  in  their 
union.  Mercury,  and  the  marine  acid,  given  feparate- 
ly  in  the  dole  of  a  few  grains  in  a  glafs  of  water,  are 
not  capable  of  injuring  the  animal  ceconomy;  whilft 
the  fame  dote  of  corrofive  fublimate,  formed  by  the  com- 
bination of  thefe  two  fubftances,  and  adrniniftered  in  the 
fame  vehicle,  is  a  mod  violent  poifon,  and  of  the  moil 
corrofive  tafte. 

The  affinity  of  compofition  has  as  fingular  an  in- 
fluence on  the  form.  Frequently  two  bodies,  which 
are  not  capable  of  cryftalizing  fingly,  aifume  a  re- 
gular form  when  united  ;  as  marine-acid  gas,  and  vo- 
latile alkaline  gas;  which,  in  the  inftant  of  their  union, 
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form  cryftals  of  fal  ammoniac.  At  other  times  the 
form  is  changed,  and  fimply  modified  ;  as  in  the  union 
of  certain  neutral  falts  with  one  another,  of  fulphur 
with  the  metals,  and  in  the  metallic  alloys,  which,  ac- 
cording to  M.  l'Abbe  Mongez,  prefent  cryftallifations 
a  little  different  from  thofe  of  the  pure  metals.  Laftly, 
bodies  which  are  very  fufceptible  of  cryftallizing  by 
themfelves,  when  united  with  other  bodies,  lofe  this  pro- 
perty ;  as  the  metals  united  with  air,  fome  of  them  com- 
bined with  acids,  &c. 

The  fame  is  the  cafe  as  to  the  confidence.  Almoft: 
never  is  it  the  fame  in  a  compound  as  in  the  principles 
which  compofe  it.  Thus  two  fluids  united  with  one 
another  immediately  produce  a  folid,  as  in  the  combi- 
nation of  oil  of  tartar  with  oil  of  vitrol;  and  from  the 
union  of  two  folids  a  fluid  often  refults,  as  in  the  cafe 
of  the  neutral  falts  combined  with  ice,  and  in  the  mix- 
ture of  the  amalgam  of  lead  with  that  of  bifmuth. 

The  colour  is  very  often  altered  in  combinations. 
Sometimes  it  is  deftroyed,  as  in  the  union  of  the  co- 
loured marine  acid  with  a  metal ;  this  acid  becomes 
white.  For  the  mod:  part,  two  bodies  which  had  no 
colour  afTume  in  their  union  one  more  or  lefs  deep ;  as 
iron  and  copper,  in  mod  of  the  acids  ;  lead,  mercury,  and 
almoft  all  the  metals,  united  with  pure  air,  and  in  the 
ftate  of  metallic  calces. 

Frequently  the  mod  odorous  bodies  form  compounds 
without  fmell ;  as  the  marine  acid  and  volatile  alkaline 
gafes,  the  odour  of  which  is  ftrongand  fuffocating;  but 
which  give  rife  to  a  neutral  fait,  almoft  without  odour, 
called  Sal  Ammoniac.  Sometimes  there  refults  from 
the  union  of  two  inodorous  bodies  a  compound  of  a 
very  ftrong  odour :  thus  fulphur  and  fixed  alkali, 
neither  of  which  has  aljnoft  any  odour,  form  liver  of 
fulphur,  which  is  very  fetid. 

We  may  make  the  fame  obfervation  on  fufibility. — 
Two  fubftances  that  feparately  are  infufible,  or  very 
difficult  of  fufion,  become  very  fufible  when  they  are 

united. 
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united.  The  union  of  fulphur  and  the  metals  furniflies 
very  (hiking  examples  of  this  affertion.  The  earthy 
fubftances  alfo  confirm  it. 

The  fafts  cited  are  but  a  few  of  thofe  which  might 
be  adduced  :  There  are  many  more  which  the  details 
will  prefent,  and  of  which  we  can  eafily  make  the  ap- 
plication. 

Ninth  Law  of  the  Affinity  of  Compos  it  ion. 

'The  affinity  of  compofition  is  meafured  by  the  difficulty 
which  is  found,  in  deftroying  the  combination  formed 
betwixt  two  or  more  bodies. 

Chemists  are  acquainted  with  the  means  of  fepa- 
rating  bodies  united  with  one  another,  whatever  affi- 
nity or  adherence  there  may  be  between  fuch  bodies  ; 
but  thefe  means  are  more  or  lefs  eafy,  more  or  lefs  com- 
plicated. In  obfervingthe  chemical  phenomena  which 
take  place  here,  it  is  conftantly  remarked,  that  the  more 
perfecl  the  compounds  are,  the  more  difficult  it  is  to 
feparate  their  principles,  and  deftroy  their  compofition. 
The  degrees  of  difficulty  which  are  felt  in  this  fepara- 
tion,  will  ferve  to  afcertain  the  degree  of  adherence  or 
affinity  which  fubfifts  between  fuch  and  fuch  bodies. 
We  infift  the  more  on  this  law,  that  thofe  who  begin 
to  devote  themfelves  to  the  practice  of  chemical  ope- 
rations, might  not  be  miftaken  about  the  difference  of 
affinity  that  prevails  between  the  different  bodies  which 
they  combine  together.  The  activity  with  which  cer- 
tain fubftances  unite,  naturally  ought  to  convince 
us  that  their  adhefion  is  very  confiderable.  How- 
ever, long  experience  mows  that  this  readinefs  to  com- 
bine, far  from  indicating  a  perfect  combination,  very 
often  deceives,  and  gives  rife  to  a  very  imperfect  com- 
pound. To  determine  therefore,  in  an  exact,  manner, 
the  degree  of  affinity  by  which  bodies  unite  and  re- 
main united,  it  is  neceffary  to  confider  the  difficulty 
which  we  experience  in  feparating  them.,  or  decom- 
posing 
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pofing  their  union.  The  examination  of  the  tenth  and 
laft  law  will  elucidate  this  point. 

Tenth  Law  of  the  Affinity  ©/"Composition. 

All  bodies  have  not  the  fame  degree  of  affinity  to  each 
other  ;  and  by  the  aid  of  obfervation,  we  can  determine 
the  rank  or  degree  of  this  force,  which  fubftfls  between 
the  different  bodies  of  nature. 

All  natural  fubftances  have  not  an  equal  tendency 
to  unite  with  one  another.  Some  of  them  abfolutely 
refufe  to  combine,  or  at  leaft  art  cannot  bring  them  into 
union,  as  iron  and  mercury,  although  we  cannot  be 
certain  that  they  have  no  affinity  to  one  another ;  o- 
thers  can  only  be  combined  with  great  difficulty,  and 
by  the  aid  of  a  very  long  time. 

But  what  is  of  the  greatefl  importance  in  this  law  of 
affinity  is,  that  as  this  force  is  not  equal  in  all  bodies, 
after  the  knowledge  of  this  phenomenon,  we  may  effect 
in  an  inftant  the  feparation  of  two  bodies  whofe  union 
formed  a  compound.  In  this  decompofition  the  great- 
eft  art  of  the  chemifl:  confifts,  and  by  it  he  exhibits 
miracles  to  the  eyes  of  men  who  are  not  accu- 
ftomed  to  behold  them.  To  underftand  well  what 
this  decompofition  is,  let  us  fuppofe  that  two  bodies 
adhere  to  one  another,  with  a  force  equal  to  four ;  as 
for  inftance,  an  acid  and  a  metal.  To  this  compound 
let  us  prefent  a  third  body,  which  has  an  affinity  to  the 
acid  equal  to  five  or  to  fix,  as  an  alkali.  What  fliould 
happen  ?  The  alkali,  which  endeavours  to  unite  with 
the  acid  by  a  force  fuperior  to  that  which  combines 
the  acid  with  the  metal,  mult  feparate  this  laft  body  to 
unite  with  the  acid.  This  is  what  happens ;  then  the 
metal  is  feparated,  and  a  new  combination  is  formed 
between  tfce  acid  and  alkali.  This  operation  is  called 
•precipitation. 

The  fubftance  which  falls  to  the  bottom  of  the  vef- 
fel  in  which  this  operation  is  performed,  is  called  the 
■precipitate.  Four  kinds  of  precipitates  are  diftinguifhed. 

There 
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There  is  a  true  precipitate,  if  the  matter  feparated  from 
the  compound  by  that  which  is  added  to  it  occupy  the 
inferior  part  of  the  mixture.  When  felenite,  or  the- 
combination  of  the  vitriolic  acid  with  lime,  is  decom- 
pofed  by  means  of  pure  vegetable  fixed  alkali,  which 
has  more  affinity  with  the  acid  than  lime  has,  this 
laft  is  feparated,  and  falling  to  the  bottom  of  the  water 
forms  a  true  precipitate. 

There  is  a  fa  If e  precipitate,  when  the  new  combina- 
tion formed  by  the  precipitant,  or  fubftance  added,  and 
one  of  the  two  bodies  of  the  compound  which  is  de- 
compofed,  falls  to  the  bottom  of  the  liquor,  and  the 
body  feparated  remains  in  folution.  In  decompofing 
the  folution  of  mercury  by  the  nitrous  acid,  by  the  ad- 
dition of  the  marine,  with  which  this  metallic  fubftance 
t  has  more  affinity  than  with  the  nitrous,  the  new  com- 
bination of  mercury  and  the  marine  acid  falls  to  the. 
bottom  of  the  mixture,  and  there  forms  a  falfe  precipi- 
tate, above  which  is  found  the  nitrous  acid  diffolved  in 
water.  This  difference,  as  we  (hall  mention  in  another 
place,  depends  entirely  on  the  different  folubility  of  the 
fubftances.  It  is  eafy  to  perceive  an  error  in  the  voca- 
bulary of  fome  chemifts  in  this  fecond  example  of  pre- 
cipitates. In  fact,  thofe  who  have  given  this  name  to 
the  fubftance  feparated  from  the  compound  by  the  pre- 
cipitant, ought  not  to  look  upon  the  new  combination 
which  happens  in  this  cafe  as  a  precipitate  :  But  though 
we  mould  forbear  calling  any  thing  a  precipitate  but 
the  fubftance  feparated  by  the  precipitant,  this  name 
would  ftill  be  a  fubjecl:  to  deceive  us,  fince  there  are 
many  cafes  in  which  the  fubftance  feparated,  far  from 
being  precipitated,  is  raifed  and  volatilized.  Thus, 
when  the  combination  of  the  marine  acid  and  volatile 
alkali,  called  fal  ammoniac,  is  decompofed  by  lime, 
which  has  more  affinity  with  the  acid  than  the  alkali 
has,  this  laft  is  diffipated  in  vapours,  and  there  is  no 
appearance  of  any  precipitate  in  the  mixture.  In  order 
to  avoid  this  confufion  of  nomenclature,  it  would  be 
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neceflary  to  fubftitute  the  name  of  decompofdion,  in 
place  of  precipitation  j  but  as  cuftom  has  prevailed,  we 
mail  retain  the  names  adopted,  guarding  aginft  the 
errors  to  which  they  have  given  rife. 

In  order  that  the  precipitates  we  are  fpeaking  of 
may  take  place,  it  is  neceflary  that  they  be  made  in  a 
liquor.^  Tins  is  called  precipitation  by  the  humid  way, 
to  diilinguifli  it  from  that  which  is  brought  about  by 
fire  or  in  the  dry  %vay,  and  which  is  effected  either  by 
fufioh  or  by  diftillation ;  operations  to  be  explained  in 
the  fequei. 

Modern  chemifts  are  acquainted  with  two  other  kinds 
of  precipitates  alfo  ;  the  diftinccion  of  which  is  much 
more  jaft  and  more  ufeful  than  that  of  the  preceding. 
Thefe  are  the  pure  and  impure  precipitates.  The  firft 
comprehends  all  bodies  feparated  from  compounds, 
which  enjoy  all  their  properties,  and  have  not  been 
altered,  either  in  the  compounds  themfelves  of  which 
:  they  made  a  part,  or  by  the  aft  of  decompofition.  There 
is  a  very  great  number  of  thefe  precipitates,  but  ftill 
more  of  the  impure.  That  the  precipitates  may  be 
very  pure,  it  is  neceflary  that  they  mould  not  have  fuf- 
iered  any  alteration,  before  decompofition,  by  the  ac- 
tion of  the  bodies  with  which  they  were  united,  and 
that  they  have  no  affinity  to  the  fubftance  which  is  to 
feparate  or  precipitate  them.  For  example,  when  we 
pour  fome  fpirit  of  wine  into  a  folution  of  vitriolated 
tartar  in  water,  as  the  fpirit  of  wine  has  more  affinity 
to  the  water  than  the  fait  has,  it  feparates  the  fait, 
which  is  precipitated  pure ;  becaufe  it  has  not  been 
altered  by  the  water,  and  becaufe  it  fuffers  no  alteration 
from  the  fpirit  of  wine,  with  which  it  does  not  unite. 

But  if  two  bodies  are  reciprocally  altered  by  their 
union,  as  the  combinations  of  the  acids  with  the  metals, 
then  the  third,  as  an  alkaline  fait,  which  is  employed  to 
decompofe  them,  will  feparate  the  metal  in  a  ftate  very 
different  from  that  which  is  natural  to  it,  and  will  occa- 
fion  an  impure  precipitate.    The  fame  thing  happens,  if 
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the  precipitant  has  any  tendency  to  unite  with  the  preci- 
pitate, as  in  the  example  already  cited,  of  ametalhc  folu- 
tion  decompofed  by  an  alkali;  part  of  this  fait  combines 
with  the  feparated  metal,  and  renders  it  impure.  Thefe 
two  caufcs  of  the  impurity  of  precipitates,  for  the  molt 
part,  are  found  united ;  whence  it  happens  that  the 
furefl;  means  of  immediately  diftinguifliing  a  pure  from 
an  impure  precipitate,  notwithstanding  the  abfence  of 
the  elfential  properties  which  ought  to  chara&erife  it, 
is  to  add  a  good  deal  more  of  the  precipitant  body  than 
is  necelfary  to  deftroy  the  combination  of  the  body  to 
be  decompounded  :  the  excefs  of  the  precipitant  com- 
bines with  the  precipitate,  completely  difiolves  it,  and 
makes  it  difappear.  Taking  a  folution  of  copper  in 
nitrous  acid,  and  pouring  into  it  fome  volatile  alkali,  the 
copper  is  precipitated  in  the  form  of  flocci,  of  a  very- 
deep  clear  blue.  The  colour  of  this  precipitate,  very 
different  from  the  metallic  brilliancy  of  the  copper, 
clearly  mows  it  to  be  an  impure  precipitate.  Of  this 
we  are  farther  afTured  by  adding  fome  more  volatile 
alkali.  This  fait  rediffolves  the  blue  flocci,  the  liquor 
gradually  becomes  tranfparent  and  homogeneous,  and 
afiumes  a  very  beautiful  deep  blue  colour,  which  in- 
dicates the  combination  of  the  calx  of  copper  with  the 
volatile  alkali. 

The  complete  knowledge  of  thefe  impure  precipi- 
tates, which  are  much  more  frequent  that  the  pure,  is 
to  be  afcribed  to  the  refearches  of  M.  Bayen,  on  the 
decompofition  of  the  folutions  of  mercury  by  means  of 
the  alkalis,  and  of  the  ftate  of  the  mercury  precipitated 
in  thefe  operations. 

It  is  eafy  to  comprehend  the  theory  of  the  decom- 
pofitfon  of  two  bodies  by  means  of  a  third  which  is 
put  in  contact  with  the  bodies  combined.  As  there 
feems  to  be  a  choice  between  one  of  the  principles  of 
the  compound  and  the  body  which  is  added,  on  which 
the  feparation  of  the  two  firft  depends,  M.  Bergman 
has  adopted  a  name  very  proper  for  giving  an  exact 
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idea  of  thefe  decompofitions.  He  has  called  them  elec- 
tive attractions. 

It  is  not  fo  eafy  for  beginners  to  conceive  what  paflfes  in 
the  more  complicated  phenomena,  which  chemifts  have 
called  double  affinity  ^  and  which  M.  Bergman  calls 
double  attraction.  It  often  happens  that  a  compound  of 
two  bodies  cannot  be  deftroyed  by  a  third  and  a  fourth 
body  employed  feparately,  whilft,  if  we  employ  the 
compound  of  the  third  and  the  fourth,  in  order  to  put 
it  in  contact  with  the  firft  compound,  both  the  two 
are  mutually  decompofed.  Let  us  make  this  evident 
by  an  example.  Vitriolated  tartar,  or  the  combination 
of  the  vitriolic  acid  with  the  vegetable  fixed  alkali, 
cannot  be  decompofed  either  by  lime  or  by  the  nitrous 
acid,  in  the  cold,  feparately.  However,  if  we  pour 
into  a  folution  of  vitriolated  tartar,  the  neutral  fa!t 
formed  by  the  union  of  the  nitrous  acid  with  lime  or 
calcareous  nitre,  thefe  two  compounds  are  mutually 
decompofed.  The  nitrous  acid  attracts  the  vegetable 
fixed  alkali  of  the  vitriolated  tartar  to  form  nitre, 
whilft  the  vitriolic  acid  unites  with  the  lime  to  form 
felenite.  What  is  the  fcope  of  this  fingular  affinity  ? 
We  fuppofe  it  may  be  thus  conceived.  The  vitriolic 
acid,  united  with  the  vegetable  fixed  alkali,  cannot  be 
feparated  either  by  the  nitrious-acid  cold,  nor  by 
lime  ;  becaufe  it  has  more  affinity  with  that  acid,  than 
either  of  thefe  two  other  fubftances  have  with  it.  But 
"When  we  prefent  to  vitriolated  tartar  a  compound  of 
nitrous  acid  and  lime,  at  the  very  time  this  acid  feeks 
to  unite  with  the  alkali  of  the  vitriolated  tartar,  the 
vitriolic  acid  endeavours  to  combine  with  the  lime:  fo 
that  we  may  fay  the  decomposition  of  the  vitriolated 
tartar,  begun  by  the  nitrous  acid,  is  completed  by  the 
lime.  To"  elucidate  this  double  affinity  ftill  farther, 
let  us  fuppofe  that  the  vitriolic  acid  adheres  to  the  fixed 
alkali  with  a  force  equal  to  8  ;  the  nitrous  acid,  which 
enueavoursto  unite  with  the  alkali  with  alefs  force,\\ ■Inch 
we  fhall  compare  to  6,  could  not  alone  decompofe  the 
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vltriolated  tartar,  if,  on  the  other  hand,  the  tendency 
of  the  lime  to  unite  with  the  vitriolic  acid,  a  tendency 
which  we  mall  make  equal  to  4,  did  not  with  the  pre- 
ceding  make  up  a  force  equal  to  10;  which  mutt  pre- 
vail over 'that  of  8,  with  which  the  vitriolic  acid  ad- 
heres to  the  vegetable  fixed  alkali.  Such  is  the  man- 
ner  in  which  it  appears  to  us  that  a  fatisfadory  reafon 
may  be  given  for  the  double  decomposition. 

It  is  only  very  lately  that  che mills  paid  attention 
to  the  double  affinities,  and  it  is  very  necefiary  that  they 
mould  all  be  known.  Thofe  who  arc  employed  in 
chemical  refearches,  perceive  every  moment  thefe  kinds 
of  decompofitions,  that  take  place  in  mixtures,  which 
they  had  not  fufpeded  to  be  fufceptible  of  them.  Se- 
veral opportunities  will  offer  in  the  hiftory  of  the  faline 
fubftances,  in  which  we  malt  remark  fome  of  thefe 
affinities,  obferved  by  Meffrs  Bergman,  Cornette,  and 
ourfelves. 

We  mall  not  leave  the  explanation  of  the  tenth  and 
laft  law  of  the  affinity  of  compofition,  without  taking 
notice  of  the  ingenious  method  firft  made  ufe  of  by  a 
French  chemilt,  of  exhibiting  at  firlt  fight  the  mod 
conitant  phenomena  of  precipitation.  Geoffroy  the 
elder,  having  paid  more  attention  than  had  been  done 
before  him,  to  the  greater  or  lefler  relations  which  take 
place  between  the  different  bodies,  and  to  the  decom- 
pofitions that  they  occafion,  in  the  year  1718  con- 
trived to  reprefent  them  in  a  table  ;  in  which  he  ar- 
ranged, in  the  order  of  their  affinities,  the  bodies  be- 
tween which  he  had  obferved  them  take  place.  Here 
we  only  announce  this  beautiful  idea,  which  we  mall 
explain  in  a  great  number  of  places  of  this  work,  ac- 
cording as  opportunity  (hall  offer.  Geoffroy  has  given 
this  table  as  an  effay  only,  to  which  he  hiraleJf  has  pro- 
perly predicted  there  would  be  much  to  add.  Many 
chemifts  have  adopted  and  extended  his  plan.  Rouelie 
the  elder  made  fevcral  corrections  upon  his  table,  and 
added  feveral  columns  to  it.    M.  de  Limbourg,  phyfi- 
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pian  at  Spa,  who,  conjointly  with  M.  Sage  of  Geneva, 
in  an  excellent  dilatation  on  affinities,  gained  the 
premium  propofed  in  the  year  1758  by  the  academy 
of  Rouen,  has  conftru&ed  a  more  extenfive  one.  M. 
Gellert,  in  his  metallurgical  chemiftry,  has  alfo  given  a 
new  one.  But  nobody  has  advanced  this  part  more 
than  M.  Bergman,  profefTor  of  chemiftry  at  Upfal,  to 
whom  this  fcience  is  indebted  for  fo  many  works.  This 
celebrated  chemilr,  on  the  plan  of  M.  Baume,  diftinguifhes 
the  affinities  that  take  place  by  the  humid  from  thofe 
by  the  dry  way.  He  has  conftru&ed  two  tables  at  full 
length ;  in  which  he  has  represented  the  relations  that 
exift  between  almofl  all  the  natural  bodies.  To  the 
fame  learned  man  we  owe  likewife  a  very  ingenious 
table;  in  which,  by  a  particular  difpofition  of  chemical 
characters,  he  has  found  the  means  of  reprefenting 
what  paries  in  the  attractions  or  double  affinities. 

After  having  prefented  the  principal  phenomena  of  the 
affinity  of  combination,  and  after  having  eftablifhed  the 
laws  which  this  force  feems  to  obey, we  obferve  that  there 
are  fome  cafes  in  which  thefe  laws  appear  to  be  fufcep- 
tible  of  certain  variations.  We  fhall  not  enter  here  in- 
to the  detail  of  the  facts  on  which  this  aflertion  is 
founded  ;  becaufe  we  will  take  care  to  remark  them 
as  often  as  opportunity  mall  prefent  itfelf.  We  fhall 
only  fay,  that  thefe  appearances  of  inconfiftency  in  the 
laws  of  affinity  are  owing  entirely  to  fome  circum- 
ftances,  which  are  capable  of  modifying  them;  fuch  as 
the  quantity  of  the  fubftances,  the  temperature  of  the 
atmofphere,  motion  or  reft,  folution  by  fire  or  water, 
that  is  by  the  humid  or  dry  way,  the  ftate  of  agregga- 
tion  peculiar  to  each  body,  &c.  M.  Bergman  has 
confidered  all  thefe  circumftances  with  particular  atten- 
tion, and  has  explained  the  different  variations  they 
may  produce  in  the  laws  of  affinity.  From  all  the 
facts  he  has  collected  on  this  fubject,  he  concludes, 
that  all  thefe  variations  ought  to  be  regarded  merely  as 
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exceptions,  and  that  they  are  incapable  of  afFeaing  the 
doctrine  of  affinities. 

This  is  the  opinion  alfo  which  ought  to  be  entertained 
of  two  kinds  of  affinities  admitted  by  fome  authors  :— 
The  one  is  the  affinity  of  intermixture  ;  the  other,  re- 
ciprocal affinity.    By  the  >/?,  they  underftand  that  af- 
finity which  makes  a  body  naturally  incapable  of  unit- 
ing with  another  become  capable  of  it,  after  being  com- 
bined  with  a  third,  which  ferves  as  an  intermedium. 
For  example,  oil  cannot  unite  with  water ;  but  when 
the  oil  is  combined  with  a  fait,  there  arifes  a  foap 
foluble  in  water  by  the  interceffion  of  the  faline  fub- 
ftance.    It  is  not  the  faline  fubitance  which  renders  the 
foap  foluble,  for  it  has  no  longer  all  the  charafters  of  a 
fait  in  the  compound  ;  it  is  to  the  new  properties  of  the 
foap  that  we  muft  refer  its  folubility  in  water.  This 
phenomenon  entirely  belongs  to  the  eighth  law  of  affi- 
nity, which  eftablimes,  that  compounds  have  properties 
quite  new,  and  entirely  different  from  thofe  of  their 
component  parts.  Reciprocal  affinity  takes  place  when 
a  compound  of  two  bodies  is  decomposed  by  a  third,  and 
when  the  principle  Separated  has  the  property  of  decom- 
pofing  in  its  turn  the  new  combination,  fo  that  there 
feems  to  be  a  kind  of  reciprocity  in  the  effe&s.  Thus, 
for  example,  we  know  that  the  vitriolic  acid  has  more 
affinity  with  the  fixed  alkali  than  the  nitrous  acid  has, 
and  that  it  decompofes  the  fait  formed  of  the  nitrous 
acid  and  this  alkali.    Neverthelefs,  the  nitrous  acid  in 
its  turn  can  feparate  the  vitriolic  from  the  alkali,  fince, 
by  heating  vitriolated  tartar  with  nitrous  acid,  fome 
nitre  is  produced.    This  kind  of  affinity,  admitted  by 
M.  Baume,is  owing  altogether  to  a  circumffancc  which 
occafions  fome  change  in  the  ordinary  laws  of  this 
force ;  that  is,  heat.    It  is  necefiary  that  the  nitrous 
acid  be  hot,  in  order  to  decompofe  the  vitriolated  Tar- 
tar; and  the  nitre,  which  is  formed  in  the  operation,  is 
itfelf  decompofed  by  the  vitriolic  acid  as  foon  as  t  ie 
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mixture  cools-*.  It  ought  not  then  to  be  regarded  as 
a  law,  finccit  is  only  very  rare.  Befides,  the  other  fads 
by  which  M.  Baume  fupports  this  affinity,  as  the  de- 
compofmon  of  fal  ammoniac  by  means  of  chalk,  and 
tnat  or  the  calcareous  marine  fait  by  the  concrete  vo- 
latile alkali,  belong  to  the  double  affinities,  as  we  mall 
demonstrate  in  fpeaking  of  thefe  falts. 

.  h  £nlY  remains  to  finifh  what  has  been  faid  of  affi- 
nity, by  relating,  in  a  few  words,  the  opinions  of  fome 
learned  men  about  the  caufe  of  this  force.  The  fir  ft 
who  inquired  into  it  have  afcribed  it,  either  to  the  fimi- 
Jar  form  of  the  elementary  molecules,  or  to  the  phyfical 
configuration  of  the  parts,  or,  la%,  toafecret  relation 
of  their  intimate  compofition.  Their  firft  ideas  necef- 
farily  agreed  with  the1  mechanical  explanations  which 
were  given  to  the  phyfics  of  the  fchools  before  this  ex- 
^ellent  fcience  was  freed  from  the  darknefs  that  over- 
fpre'ad  it. 

The  moft  of  the  modern  chemifts  who  have  inqui- 
red into  the  caufe  of  affinity,  have  found  a  relation  be- 
tween this  force  and  the  Newtonian  attraction.  Per- 
fuaded  that  nature  is  fimple  and  uniform,  they  thought 
that  this  property  of  reciprocal  union  depended  on  that 
of  attraction  which  exifts  between  all  bodies.  They 
compared  the  fmnll  chemical  bodies,  between  which  the 
affinity  takes  place,  with  the  great  maffes  that  compofe 
the  univerfe  ;  and  if  the  very  fmall  molecules  of  dif- 
ferent bodies  approach  one  another  in  order  to  com- 
bine, it  is  becaufe  they  incline  or  gravitate  towards  one 
another.    In  following  this  opinion,  and  modifying  it 
in  a  particular  manner,  fome  perfons  have  fuppofed, 
that  the  affinity  was  in  the  ratio  of  the  weight,  and  that 
the  molt  weighty  body  was  that  which  pofTefled  this 
force  in  the  greateft  degree.  This  hypothefis,  however, 

which 

*  Fuming  nitrous  acid  decompofes  vitiiolated  tartar  in  the  cold. 
According  to  M.  Cornette,  fuming  fpirit  of  fait  does  the  fame  thing  : 
But  M.  Bergman  has  obfcrved  with  reafon,  that  the  fuming  odorous 
acids,  which  he  calls  phlogitb'cated,  have  different  affinities  from 
the  fame  fimple  acide,  not  fuming,  or  dcphlcgiilicated. 
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which  fometimes  agrees  with  facts,  as  is  obferved  in 
feveral  acids,  cannot  apply  to  the  greateft  part  of  the 
experiments  of  decompofition,  in  particular  refpe&mg 
the  metallic  fubftances.  In  fhort,  fome  chemifts  have 
been  perfuaded,  that  there  is  fo  great  a  relation  between 
affinity  and  attraction,  that  they  imagined  it  would  be 
poilible  to  meafure  and  calculate  this  Iaft,  according  to 
the  adherence  fubfifting  between  bodies.  M.  de  Mor- 
verfu,  whofe  opinion  is  well  calculated  to  lead  that  of 
others,  has  made  fome  experiments  with  the  view  of 
proving  the  affertion  I  have  juft  advanced.  Thefe  ex- 
periments confided  in  applying  to  the  furface  of  mer- 
cury, metallic  plates  of  an  equal  diameter,  fufpended 
from  the  beam  of  a  balance,  whofe  other  extremity  car- 
ried a  bafon.  He  put  weights  into  this  laft,  until  their 
weight  was  able  to  raife  the  metallic  lamina  from  off  the 
mercury;  and  by  comparative  trials  on  different  metals, 
lie  found  that  their  adherence  to  the  mercury  was  very 
different,  and  nearly  followed  the  degree  of  affinity 
which  fubfifted  among  thefe  bodies  :  That  is  to  fay, 
that  gold  adhered  with  the  greateft  force  of  all  to  the 
mercury,  and  required  the  greateft  weight  to  feparate 
it ;  whilft  cobalt,  which  cannot  unite  with  this  fluid  me- 
tal, was  very  eafily  raifed  from  its  furface,  to  which  it 
fcarcely  fhovvs  any  adherence.  Let  us  obferve,  that 
pofiibly  there  may  be  a  fubject  of  error  in  thefe  experi- 
ments :  for  the  well  polifhed  metallic  laminse,  which  are 
applied  to  the  mercury,  muft  combine  with  it  by  their 
inferior  furface,  and  the  portion  of  amalgam  thus  form- 
ed, neceflarily  becoming  more  considerable,  as  the  me- 
tal unites  more  eafily  with  the  mercury,  it  is  not  pof- 
fible  to  fuppofe  that  it  is  this  combination  that  adds  to 
the  weight  of  the  plate.  This  objection  feemed  to  us 
ftrong  enough  to  merit  the  attention  of  the  celebrated 
chemift  who  has  the  praife  of  thefe  ingenious  experi- 
ments. 

From  what  has  been  faid  on  the  opinions  of  philofo- 
phers  refpecYing  the  caufe  of  the  force  of  affinity,  itfol- 
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lows,  that  this  caufe  is  not  known  ;  and  that  it  does 
not  appear  to  be  the  fame  with  attraftion,  fince  its  laws 
are  quite  different.  We  fhall  be  convinced  of  this  truth 
by  comparing  the  knowledge  which  has  been  acquired 
about  the  Newtonian  attraftion,  with  that  which  we  be- 
gin to  have  of  affinity.  The  firft  takes  place  between 
enormous  mafles  only;  the fecond  between  fmall  bodies, 
and  is  altogether  without  power  over  thofc  whofc  volume 
is  confiderable.  The  attraftion  of  bodies  placed  at  a 
certain  diftance  from  one  another,  appears  to  be  changed 
into  repulfion :  Affinity,  on  the  contrary,  is  never  ftrong- 
cr  than  when  bodies  are  in  the  point  of  contaft.  At- 
traftion  exifts  at  very  great  diftances :  Affinity  is  not 
perceptible  between  diftant  bodies,  and  really  takes 
place  only  when  the  molecules  are  in  contaft.  We 
have  already  given  part  of  this  comparifon  in  the  exa- 
mination of  the  laws  of  the  chemical  force  which  we 
are  fpeaking  of ;  and  after  all  thefe  confiderations,  we 
think  that  there  are  very  remarkable  differences  be- 
tween thefe  two  natural  phenomena,  to  induce  the  learn- 
ed to  diftinguim  them  from  one  another. 

If  we  are  permitted  to  give  our  opinion  on  this  fub- 
jeft,  we  think  that  it  is  as  impoffible  to  difcover  the  caufe 
of  the  chemical  affinity  in  the  actual  ftate  of  our  know- 
ledge, as  it  has  been  hitherto  to  find  out  that  of  the  New- 
tonian attraftion,  magnetifm,  &c.  and  that  it  is  much 
more  ufeful  to  the  fcience  to  continue  without  inter- 
miflion  to  examine  the  phenomena  which  it  prefents, 
and  to  increafe  its  laws,  than  to  be  devoted  to  fpecula- 
tions  which  can  be  only  hazardous  ;  and  which,  for  the 
mo^  part,  unluckily  are  deceitful. 
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LECTURE  I. 

General  Hejzds  on  Chemistry. 

a  UTHORS  have  differed  in  the  opinion  they  give 
J~\  of  chemiftry.  Some  even  feera  to  have  regarded 
it  as  an  art,  although  it  is  in  reality  a  fcience.  Boer- 
haave  has  reprefented  it  as  a  chain  of  procefies  and  ma- 
nipulations. "We  define  it  a  fcience,  which  teaches  us 
the  knowledge  of  the  intimate  and  reciprocal  action  of 
all  the  bodies  in  nature  upon  one  another,  in  order 
to  underftand  this  definition  well,  it  is  neceffary  to  con- 
fider  the  object  of  chemiftry,  the  means  it  employs,  the 
end  it  propofes,  and  its  utility  in  lite. 

The  objeft  of  chemiftry  comprehends  all  natural  pro- 
ductions; for  there  is  none  of  them,  the  nature  and  pro- 
perties of  which  chemiftry  cannot  propofe  to  investi- 
gate. This  fcience,  then,  is  immenfe,  fince  it  has  thofe 
bounds  only  which  nature  has  prefcribed  to  itfelf. 

The  means  which  it  employs  to  accomplifti  its  ends, 
notwithstanding  the  varieties  which  appear  at  firfl  fight, 
may  all  be  reduced  to  the  methods  of  analyfis  and  fyn- 
thefis. 

Analyfis,  called  alfo  Decomposition,  is  properly  the 
leparating  and  the  artificial  difuniting  of  the  fimple  parts, 
of  which  a  compound  body  is  formed.   This  has  been 
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falfely  looked  upon  as  the  grand  affiflant  of  chemiftry ; 
becaufe,  i.  It  can  be  employed  in  inquiring  into  the 
properties  of  compound  bodies  only,  and  not  at  all  in 
discovering  thofe  of  limple  bodies  ;  the  number  of  which 
is  perhaps  much  more  confiderable  than  it  has  been  as 
yet  admitted  to  be.  2.  Although  it  may  be  very  ufe- 
ful  indemonftrating  the  nature  of  compound  fubftances, 
yet  k  may  often  lead  us  into  error,  as  has  been  felt  fince 
chemiftry  made  fuch  rapid  progrefs. 

With  the  view  of  eftablifhing  this  important  truth, 
xve  diftinguifti  analyfis  into  two  kinds ;  the  true  or  the 
fimple,  and  the  falfe  or  the  complicated. 

By  the  fimple  or  true,  we  mean  that  analyfis  by  which 
we  obtain  the  principles  of  bodies,  without  their  having 
undergone  any  alteration,  and  fuch  as  they  exifted  in 
the  compound.    The  character  of  this  Iaft  kind  confifts 
in  this,  that  we  can  reproduce  the  analized  compound, 
in  the  fame  ftate  in  which  it  exifted  before  its  analyfis, 
by  again  uniting  the  principles  obtained  by  decompofi- 
tion.    Cinnabar,  for  example,  is  a  compound  of  ful- 
phur  and  mercury.    Thefe  two  fubftances  are  feparated 
by  means  which  will  be  explained  in  the  fequel ;  and  by 
recombining  them  we  form  cinnabar,  perfectly  alike  to 
that  which  had  been  analyzed.    The  falfe  or  the  com- 
plicated analyfis,  on  the  contrary,  gives  different  pro- 
duels,  fuch  as  did  not  exift  in  the  fame  ftate  in  the  body 
which  was  analyzed.    Hence  we  know  that  the  prin- 
ciples which  are  furniflied  by  this  analyfis,  can  no  more 
form  by  their  re- union  the  fubftance  which  was  decom- 
pofed.    All  the  bodies  that  belong  to  the  organic  fub- 
ftances can  be  analyzed  in  this  way  only ;  and  we  can- 
not conclude  from  hence,  that  the  principles  fo  obtained 
exifted  with  the  properties  that  they  prefent  in  the  bo- 
dies from  which  they  have  been  feparated.  On  this  ac- 
count fome  perfons  have  reproached  the  chemifts  that 
their  experiments  alter  bodies,  and  that  the  refult  of 
them  muft  always  be  uncertain.    This  reproach  would 
be  well  founded,  if  chemifts  were  not  aware,  that  they 
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ought  not  to  rely  on  this  fecond  kind  of  analyfis,  and  if 
this  fcience  did  not  furnifh  them  other  means  of  know- 
ing the  properties  of  the  fubftances  which  they  examine. 

Synthefis,  or  combination,  is  the  fecond  affiftant  of 
chemiftry.  It  confifts  in  uniting  the  natural  bodies  with 
one  another,  and  in  inquiring  into  the  properties  of  fuch 
combinations.  It  altogether  imitates  nature  herfelf,  of 
which  it  is  the  rival.  Sometimes  it  produces  bodies  of 
which  flie  cannot  furnifh  an  example.  It  acts  by  virtue 
of  a  force  and  a  tendency  which  exifts  between  natural 
bodies ;  and  art  only  endeavours  to  favour  or  put  it  in 
play,  by  prefenting  thofe  bodies  to  one  another  in  a  ftate 
proper  for  the  exertion  of  this  force.  We  can  never 
be  deceived  by  this  method  as  we  may  be  by  analyfis : 
it  is  at  leaft  as  frequent :  and  it  is  of  importance  to  ob- 
ferve  upon  this  point,  that  perhaps  chemiftry  mould  be 
defigned  rather  by  the  name  of  the  Science  of  Synthe- 
fis or  Combination,  than  by  that  of  Analyfis,  which 
feems,  however,  to  have  been  almoft  univerfally  adopted. 

From  this  view  of  the  two  affiftants  of  chemiftry, 
three  truths  arife,  which  we  prefent  as  chemical  axioms. 

1.  The  true  analyfis  is  very  rarely  employed,  its  ufe 
being  confined  to  the  treatment  of  fome  of  the  bodies 
in  the  mineral  kingdom. 

2.  Synthefis  is  the  inofl  frequent  and  moft  ufeful  of 
the  means  known  in  chemiftry. 

3.  Analyfis  and  fynthefis  are  often  employed  together 
in  performing  chemical  operations :  and  we  will  fre- 
quently obferve,  that  in  many  experiments,  we  effect 
combinations,  which  hitherto  we  have  regarded  as  de- 
compofitions. 

Chemiftry  has  for  its  object  the  knowledge  of  the 
intimate  nature  of  bodies  and  their  action  upon  one  ano- 
ther. Under  this  view,  it  is  necelfary  to  diftinguifli  it 
from  phyfics,  properly  fo  called,  whofe  bufinefs  is 
merely  to  obferve  mafTes  and  their  apparent  properties. 

The  bodies  which  come  under  the  operations  of  the 
chemift,  may  not  improperly  be  reckoned  the  fource  of 
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the  naturaljft  ;  and  we  may  fay  with  truth,  Ubi  defmic 
fhyficv.s,  ibi  incipit  cbe?nicus. 

The  utility  of  chemiftry  is  fo  fenfibly  felt  at  prefent, 
that  the  fcience  is  univerfaily  cultivated,  and  it  would 
be  needlefs  to  dwell  upon  it.  The  phyfical  fciences, 
and  particularly  natural  hiltory  and  medicine,  reap  the 
moft  confidcrable  advantages  from  it.  The  former* 
whofe  immenfity  might  frighten  the  mod  ftudious  and 
the  molt  laborious,  cannot  difpenfe  with  the  want  of 
chemical  knowledge  :  mineralogy  is  quite  under  the 
direction  of  chemiltry;  and  in  vain  would  we  attempt 
to  make  any  progrefs  without  unking  thefe  two  fciences. 
The  befl  mineralbgifts  are  fenfible  of  this  important 
truth ;  and  we  are  fo  convinced  of  it,  that  we  think 
thefe  two  branches  of  phyfic  ought  to  be  united,  as 
Haller  has  joined  anatomy  to  phyfiology.  With  this 
view  we  mention  the  facts  that  mineralogy  prefents 
to  us  in  our  lectures;  which,  one  with  another,  are  as 
complete  as  poflible  ;  and  endeavour  to  clafs  the  mine- 
rals after  the  chemical  characters.  We  are  very  far 
from  imagining,  as  we  will  (how  in  the  following  lec- 
tures, that  the  works  on  chemiftry  are  full  enough  to 
admit  of  giving  a  complete  fyftem  of  mineralogy  j  but 
we  fee  with  pleafure,  that  every  year  furnifhes  enough 
of  new  knowledge,  to  flatter  us  with  hopes,  that  one 
day  the  efforts  of  the  chemifts  will  be  crowned  with 
that  fuccefs  to  which  their  difcoveries  ought  to  conduct 
them. 

Medicine  derives  no  lefs  advantage  from  chemiftry 
than  natural  hi'Lory  does,  whatever  fome  phyficians 
who  deny  its  utility  may  fay  to  the  contrary.  We  live 
no  more  in  that  age,  when  fome  enthufiaftics,  proud  of 
the  miracles  which  they  performed  by  their  art,  pre- 
tend to  ronfine  the  practice  of  medicine  to  the  lights  of 
chemiftry  alone,  and  attributed  difeafes  to  acids,  which 
it  was  to  necefiary  neutralize,  or  to  effervefcences,  which 
it  was  neceflary  to  fupprefs.  The  chemical  phyficians 
of  our  age,  more  wife  than  thofe  of  the  laft,  know, 
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after  the  example  of  the  great  Stahl,  how  to  check  the 
fway  of  chemiftry,  and  to  confine  it  within  juft  bounds; 
but  they  cannot  but  believe  that  this  fcience  gives  great 
light  into  the  nature  and  properties  of  the  animal  hu- 
mours, into  their  alterations  in  difeafes,  into  the  alimen- 
tary fubftances,  medicinal  and  poifonous,  with  the  pre- 
fcription  of  formulas,  &c.  They  imagine,  that  the  che- 
mical operations  going  on  in  animals,  if  imitated,  as  M. 
Bucquet  and  llouelle  have  done,  and  as  fome  chemifts, 
though  few,  unluckily  (till  do,  will  afford  that  light 
which  chemiftry  only  can  furnifh  :  and  they  are  juftly 
aftonifhed  every  day  to  find  practitioners,  who  oppofe 
a  fcience  with  which  they  are  not  fufficiently  acquaint- 
ed to  judge  of  its  utility,  and  declaim  againft  thofe 
who  cultivate  it. 

Chemiftry  extends  to  all  the  arts  which  do  not  be- 
long to  geometry.  Of  thefe  Pharmacy,  which,  in  con- 
fequence  of  the  favours  that  it  confers  on  mankind, 
daimsgratitude  from  all  men,  and  which,  in  conlequence 
of  the  knowledge  requifite  for  practifmg  it,  takes  in 
moft  of  the  fciences,  has  fuch  a  connection  with  che- 
miftry, that  its  operations  are  abfolutely  ruled  by  it ; 
and  it  is  impoffible  to  be  ikilful  in  pharmacy  without 
being  a  chemift. 

In  the  mineral  kingdom,  the  arts  of  brick-making,of 
pottery,  of  manufacturing  the  fine  Dutch  ware,  por- 
celain, of  lime- making,  of  glafs  making,  of  forming 
nitre,  of  making  fait,  of  effaying,  of  metallurgy,  of 
gilding,  of  refining,  of  enamelling:  in  the  vegetable 
kingdom,  the  arts  of  perfuming,  of  making  ftarch,  of 
making  paper,  of  baking,  of  wine  dreffing,  of  brewing, 
of  diftilling,  of  rectifying  and  compounding,  of  making 
vinegar,  of  making  foap  ;  and  in  the  animal  kingdom, 
cookery,  tanning,  tawing,  currying,  making  of  paftes, 
all  belong  entirely  to  chemiftry.  We  may  with  reafon 
fuppofe,  that  were  chemifts  to  imitate  the  practice 
which  workmen  follow,  they  might  bring  to  perfec- 
tion thofe  arts  of  which  ignorance  has  retarded  the 
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progrefs :  and  we  regret  to  fee  many  more  advances 
among  thofe  nations  where  the  fcience  has  not  been 
always  cultivated  with  an  equal  fuccefs.  We  ought 
not  to  be  ignorant  of  the  outlines  of  the  hiftory  of  a 
fcience,  to  the  ftudy  of  which  we  wi(h  to  devote  our- 
felves.  That  hiftory,  in  defcribing  the  table  of  fads, 
fixes  the  epochs  of  the  difcoveries,  guards  againft 
the  errors  into  which  thofe  who  have  preceded  us 
have  fallen,  and  mows  us  the  road  that  is  neceffary 
to  keep  in  order  to  make  advances  in  it.  However, 
as  it  would  be  dangerous  to  dwell  upon  details  that 
perhaps  would  confound  our  ideas  of  the  object  which 
we  propofe,  we  here  prefent  a  brief  account  of  the 
hiftory  neceffary  to  be  known,  without  mentioning 
particulars,  which  we  find  treated  at  great  length  in 
feveral  well  executed  works. 

In  the  hiftory  of  chemiftry  we  may  fix  fix  grand 
epochs. 

The  First  Epoch. 
Origin  of  Chemiftry  among  the  Egyptians. 

The  origin  of  chemiftry  is  as  obfeure  as  that  of  arts 
and  fciences  in  general.  We  look  upon  Tubal  Cain, 
who  lived  before  the  deluge,  to  have  been  the  firft  che- 
mift ;  but  working  upon  metals  was  his  only  employ- 
ment. He  appears  to  be  the  perfon  meant  by  Vulcan 
in  the  ancient  fable. 

We  ought  to  afiign  the  true  origin  of  this  fcience  to 
the  ancient  Egyptians.  The  firft  perfon  among  them 
mentioned  as  a  chemift  is  named,  according  to  Abbe 
Lenglet  du  Frefnoy,  Thot,  or  Athotis,  firnamed  Hermes 
or  Mercury.  He  was  fon  to  Mezraim  or  Ofiris,  and 
ftepfon  of  Cham.  He  became  king  of  Thebes.  Sj- 
phoas,  the  fecond  king  of  Egypt,  was  likewife  a  phi- 
lofopher.  He  lived  800  years  after  Athotis,  and  1900 
years  before  Chrift.  The  Greeks  have  called  him 
Hermes,  or  Mercury  Trifmegiftus.  Then  he  is  the  fecond 
Mercury.    We  regard  him  as  the  inventor  of  phyfics. 
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He  has  written  42  books  upon  philofophy  ;  in  which 
he  does  not  feem  to  treat  of  chemiftry,  although  this 
fcience  has  been  called  after  him  the  Philofophy  of 
Hermes.  In  Egypt  there  was  a  temple  dedicated  to 
Vulcan,  and  facred  to  alchemy. 

The  Ifraelites  learnt  chemiftry  from  the  Egyptians. 
Mofes  is  ranked  among  the  chemifts,  only  becaufe  he 
diflblved  the  golden  calf,  by  means,  as  we  fufpec~r.,  of 
liver  of  fulphur. 

Democrites  of  Abdera,  who  lived  about  500  years 
before  Chrifl,  travelled  into  Egypt,  Chaldea,  Perfia, 
and  other  countries  :  There,  as  we  imagine,  he  learnt 
chemiftry.  Though  born  of  a  father  who  was  rich 
enough  to  entertain  at  his  houfe  Xerxes  and  all  his 
fuite,  he  returned  very  poor  into  his  own  country,  and 
was  taken  notice  of  by  his  brother  Damaflus.  He  re- 
tired into  a  garden  before  the  walls  of  the  city,  where 
he  employed  himfelf  in  examining  plants  and  precious 
ftones.  Cicero  allures  us,  that  in  order  not  to  be  di- 
verted by  external  objects,  he  fcorched  his  eyes,  by  fix- 
ing them  on  the  rays  of  the  fun  reflected  from  a  very 
finely  polilhed  plate  of  copper.  This  facr  is  denied  by 
Plutarch.  Pliny  looks  upon  the  fcience  of  Democrites 
as  wonderful. 

Some  authors  rank  even  Cleopatra  among  the  che- 
mifts, becaufe  Ihe  could  dhTolve  pearls.  .They  fuppofe 
that  this  art,  which  was  known  to  all  the  Egyptian 
priefts,  had  been  conftantly  pracYifed  by  thofe  nations, 
until,  according  to  the  account  of  Suidas,  Diocletian 
formed  the  defign  of  burning  their  books  of  chemiftry, 
with  the  view  of  reducing  them  more  cafily  under  fub- 
jeclion. 

Second  Epoch. 
Chemiftry  among  the  Arabians. 

Aftkr  a  fucceffion  of  many  ages,  during  which  it  is 
importable  to  trace  the  progrefs  of  chemiftry  amidft  the 
revolutions  that  empires  have  undergone,  we  find  marks 
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of  this  fcience  among  the  Arabians,  who  cultivated  it 
with  mccefs.  During  the  jdynalty  of  Achemides  or. 
AbafTides,  the  fciences,  which  had  been  forgotten  for  a 
Jong  time,  were  revived. 

Almanzor,  the  fecond  calif,  ftudied  aftronomy.  Ha- 
rum  Rafchid,  the  fifth  calif,  and  cotemporary  with  Char- 
lemagne, caufed  feveral  Greek  books  which  related  to 
chemiftry  to  be  tranflated.  In  the  ninth  century,  Gibber 
of  Thus  in  Chorafan,  a  province  of  Perfia,  wrote  three 
treatifes  upon  chemiftry,  in  which  even  now  we  find 
very  good  things.  His  be  ft  work  is  intitled  Swmna 
perfeflionis  magiflerii. 

In  the  tenth  century,  Rhafes,  phyncian  to  the  hofpi- 
tal  at  Bagdat,  fir  ft  applied  chemiftry  to  medicine.  His 
merit  and  his  knowledge  raifed  him  to  the  office  of 
grand  vizier  ;  but  his  debaucheries  deprived  him  of 
that  high  preferment. 

Third  Epoch. 

Chemiftry  paffes  from  the  eajl  to  the  weft  by  means  of  the 
Crufades*    'The  reign  of '  Ale  ferny. 

The  art  of  making  gold,  a  fpecies  of  folly  which  en  - 
tered, the  heads  of  chemifts,  made  a  noife  for  a  long- 
time, according  to  the  authors  who  have  written  its 
hiftory  ;  but  it  was  carried  to'  its  greateft  height  from 
the  eleventh  to  the  fixteenth  century.  The  facts  in 
chemiftry  which  the  Egyptians  found,  and  the  Greeks 
collected,  and  the  Arabs  applied  to  medicine,  centered 
among  the  four  nations  who,  during  the  Crufades, 
tranf ported  themfelves  into  the  eaft,  viz.  the  Germans, 
the  Englifh,  the  French,  and  the  Italians  ;  and  every 
one  of'thefe  nations  was  very  foon  filled  with  men, 
who  fearched  for  the  philofopher's  ftone.  As  the  im- 
inenfe  labours  to  which  they  devoted  themfelves  have 
contributed  to  the  advancement  of  chemiftry,  we  ought 
to  know  the  particular  men  that  were  molt  diftinguifli- 
ed  among  them. 

Ta  the  thirteenth  century,  Albert  le  Grand,  a  Domi- 
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nican  of  Cologne,  and  confequently  of  Ratifbon,  pafled 
for  a  magician,  and  wrote  a  book  full  of  alchemical 
procefies. 

Roger  Bacon,  born  anno  12 14,  near  Ilcefter,  in  So- 
merfetlhire,  ftudied  at  Oxford.  He  came  to  Paris  to 
learn  mathematics  and  the  art  of  medicine,  To  him> 
we  afcribe  feveral  inventions,  any  of  them  fufncient  to 
iinmortalife  his  fame  ;  fuch  as  the  camera  obfcura,  the 
telefcope,  and  gun-powder  :  he  had  a  moving  cha- 
riot, a  machine  for  flying,  and  a  head  which  fpoke.  He 
was  a  Cordelier,  and  was  named  the  wonderful  Doflor- 
He  was  accufed  of  magic,  and  was  imprifoned  by  his 
brethren.  At  laft  he  retired  into  a  houfe  at  Oxford, 
where  he  laboured,  it  is  faid,  at  alchemy.  Borrichius 
faw  this  houfe,  which  {till  bore  his  name. 

Arnauld  de  Villeneuve,  who  was  born  at  Languedoc 
anno  1245,  and  died  anno  1310,  ftudied  medicine  at 
Paris  for  30  years.  He  commented  on  the  fchool  of 
Salem.  The  alchemifls  regard  him  as  one  of  their 
great  matters.  Anno  1664,  Borrichius  faw  an  alche- 
mift  in  Languedoc  who  was  defcended  of  him. 

Fourteenth  century.  Raymond  Lully,  who  was  born 
at  Majorca  in  1235,  came  to  Paris  in  1281,  and  joined 
himfelf  to  Arnauld  de  Yelleneuve,  with  whom  he  be- 
came famous.  Robert  Conftantine  fays,  that  he  faw 
one  of  the  nobles  of  the  Role,  who  was  aftonifhed  at 
the  gold  which  he  made  in  the  Tower  of  London  in 
the  reign  of  Edward  the  Fifth,  anno  1312-13.  He 
-wrote  fome  books  in  alchemy,  in  which  we  find  fome 
iafts,  refpe&ing  acids  and  metals. 

In  the  fifteenth  century,  Bafil  Valentin,  a  benediftine 
of  Enfort  in  Germany,  was  inftructed  in  medicine  and 
natural  hiflory.  He  finifhed  a  work  on  antimony,  to 
which  he  gives  the  pompous  name  of  Currus  triumpha- 
tn  antwiomi,  and  which  has  been  commented  uoon  by 
Jverknngius.  1  3 

Ifaac  les  Hollandois,  father  and  fon,  perfons  little 
known,  compofed  works  that  are  praifed  by  Boer- 
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haave ;  in  which  it  appears  that  they  were  acquainted 
with  aquafortis  and  aqua  regia. 

Fourth  Epoch. 
TJniverfal  medicine  ;  pharmaceutical  chemiflry  ;  alchemy 
oppofed.   From  the  jixteenth  to  the  middle  of  the  feven- 
teenth  century. 

Although  the  alchemifts  had  not  fuceeded,  and 
though  the  ruin  of  their  fortune  and  reputation  was 
enough  to  have  difgufled  thofe  who  inclined  to  apply 
to  thefe  refearches,  neverthelefs  we  fee  in  the  fixteenth 
century  a  prodigious  number  of  them  upheld  and  fup- 
ported  by  the  enthufiafm  of  a  Swifs  phyfician,  Paracel- 
fus,  who  was  born  near  Zurich  in  1493.  This  pre- 
cipitate inquirer  pretended  that  an  univerfal  remedy 
exifted.  He  added  fome  chemical  medicines  to  thofe 
of  the  Galenian  pharmacy.  He  cured  federal  difeafes, 
which  the  ordinary  remedies  very  weakjy  oppofed,  and 
efpecially  the  venereal  dileafe,  by  means  of  mercu- 
rial preparations.  He  did  wonders  :  but  elated  with  his 
fuccefs,  which  led  him  far  beyond  the  limits  that  he 
ought  to  have  prefcribed  to  himfelf,  he  publicly  burnt 
the  books  of  the  Greek  phyficians ;  and,  in  the  midft: 
of  his  triumphs,  died  in  an  alehoufe  at  Saltfbourg  about 
the  age  of  48,  promifing  almoft  immortality  by  the  ufe: 
of  his  fecrets. 

This  foolifh  behaviour,  extravagant  as  it  was,  encou- 
raged the  ardour  of  the  alchemifts.    All  of  them  who 
flattered  themfelves  with  having  difcovered  the  univer- 
fal medicine,  qualified  themfelves  with  the  new  title  of: 
adepts. 

Alchemy  was  in  this  ftate  at  the  beginning  of  the: 
feventeenth  century. 

1.  Les  freres  de  la  Rofe  Croix,  a  kind  of  fociety 
formed  in  Germany,  nothing  of  which  was  known 
even  in  France  but  the  title,  and  of  which  the  members 
remained  ignorant.  Thefe  pretended  freres  faid  they 
pofTtffed  the  fecrets  of  tranfmutation,  of  fcience,  and : 
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of  unlverfa!  medicine,  and  of  the  knowledge  of  fecret 
things. 

2.  Alexander  Sethon,  or  Sidon,  a  cofmopolite,  who 
it  is  faid  performed  tranfmutation  in  Holland  before  a 
certain  Heflian.  The  latter  revealed  it  to  Vanderlin- 
den,  grandfather  to  a  phyfician  of  that  name,  who  has 
the  praife  of  a  college  of  medicine. 

g.  A  Philalete,  called  Thomas  de  Vagan,  born  in 
England  anno  1612.  He  went  to  America,  where 
Starkey  faw  him,  and  received  gold  from  him.  Boyle 
correfponded  with  him.  It  was  that  very  adept  who, 
in  travelling  to  France,  gave  his  powder  of  projection 
to  Helvetius. 

In  the  mean  time,  the  fuccefs  which  Paracelfus 
had  with  chemical  medicines,  engaged  feveral  phyfi- 
cians  in  the  purfuit  of  this  object;  and  we  fee  ufefui 
works  publiihed  upon  the  art  of  preparing  them.  Such 
are  thofe  of  Grollius,  of  Schroder,  of  Zwelfer,  of  Gla- 
fer,  of  Tachenius,  of  Lemery,  and  likewife  the  phar- 
macopoeias publimed  by  the  principal  faculties  of  me- 
dicine. In  this  epoch  alfo  Glauber  made  a  difcovery 
of  fignal  fervice  in  chemiftry.  He  examined  the  refi- 
duum  of  operations,  which  had  always  been  difregarded 
before  his  time,  and  which  was  called  caput  mortuum, 
or  terra  damn'ata.  Some  chemifts,  who  forwarded  the 
fcience  after  Paracelfus,  were  not  entirely  cured  of  the 
ideas  which  he  had  fixed  in  them  :  Such  as  Caffius, 
who  is  famous  for  a  precipitate  of  gold. 

Chevalier  Digby,  who  believed  in  the  fympathetic 
action  of  medicines  j  Libavius,  who  has  given  name  to 
a  preparation  of  tin  ;  Van  Helmont,  famous  for  his  opi- 
nions in  medicine,  as  well  as  for  the  light  in  which  he 
confiders  chemiftry  ;  and  Borrichius,  a  Danifh  phyfi- 
cian and  chemift,  who  firft  difcovered  and  divulged  the 
inflammation  of  oils  with  nitrous  acid,  and  deferves. 
great  praife  for  the  legacy  which  he  made  of  his  li- 
brary and  laboratory,  in  favour  of  the  ftudents  of  me- 
dicine without  fortune.    At  that  time  alchemy  had 
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two  celebrated  men  to  oppofe,  who  attacked  it  with 
fucccfs  :  The  one  was  the  famous  Pere  Kircher,  a 
Jefuit,  who  publiflied  a  great  and  magnificent  work, 
which  has  the  title  of  Mundus  fubterraneus. 

Fifth  Epoch. 
Rife  _  and  frognfs  of  philofophical  chemiftry^  from  the 
middle  6f  the  feventeentb  to  the  middle  of  the  eighteenth 
century. 

Hitherto  chemiftry  had  not  been  treated  in  a 
philofophical  manner.  The  chemical  arts  had  only 
been  defcribed,  formulas  of  medicine  publiflied,  and 
the  nature  of  metals  examined,  with  the  idea  of  making 
gold,  or  of  difcovering  a  univerfal  remedy.  A  great 
number  of  facts  were  collected,  but  as  yet  no  perfon  had 
put  them  together.  Towards  the  middle  of  the  feven- 
teenth  century,  Jacques  Earner,  phyfician  to  the  king 
of  Poland,  arranged  the  principal  facts  then  known, 
and  joined  them  with  reafonings  in  his  philofophical 
chemiftry.  Bohnius  alfo,  profeiTor  at  Leipfic,  wrote 
a  treatife  on  rational  chemiftry.  Ifachin  Beccher  of 
Spire,  a  man  of  the  moll  profound  genius,  phyfician 
to  the  electors  of  Mayence  and  Bavaria,  advanced  much 
farther  than  thefe  two  learned  men.  In  his  fublime 
work,  intitled  Phyfca  fubterjanea,  he  united  all  the 
knowledge  which  had  been  acquired  in  chemiftry,  and 
defcribed  with  an  aftoniming  fagacity  all  the  pheno- 
mena of  this  fcience.  He  even  predicted  a  great  part 
of  the  difcoveries  made  at  this  day  ;  fuch  as  that  of  the 
gafeous  fubftances,  and  the  poflibility  of  reducing  the 
bones  of  animals  into  a  tranfparent  glals.  He  had  for 
a  commentator  J.  Erneft  Stahl,  a  famous  phyfician, 
whofe  name  makes  a  brilliant  epoch  in  chemiftry. 
Born  with  an  ardent  pafiion  for  the  fcience,  he  extended 
the  doctrine  of  Beccher.  He  applied  himfelf  wholly  to 
demonftrate  the  exiftence  of  the  inflammable  earth, 
which  he  called  phlogifton. 

Booerhave,  in  the  midft  of  numberlefs  employments, 
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cultivated  chemiftry.  He  competed  a  celebrated  and 
viry  profound  work  upon  it.  The  treatifes  of  the  four 
elements,  and  in  particular  that  of  fire,  which  he  has 
fubjoined  to  them,  are  mafter-pieces  to  which  it  would 
be  almoft  impoffible  to  make  any  addition. 

The  theory  of  Stahl  has  been  embraced  by  all  the 
chemifts,  and  has  acquired  new  force,  by  the  works  of 
two  celebrated  brothers,  M.  Rpuelle,  of  whom  chemiftry 
was  too  foon  deprived.  M.  Macquer  alfo  is  one  who 
has  contributed  to  extend  chemiftry,  and  whofe  excel- 
lent works  have  with  reafon  been  regarded  over  all 
Europe  as  the  moil  fure  guide  to  this  immenfe  fcience. 

Sixth  Epoch. 
Pneumatic  Chemiftry  at  the  frefent  time. 

Stahl,  whofe  attention  was  entirely  employed  about; 
demonftrating  the  inflammable  principle  in  all  his  com- 
binations, appears  to  have  forgotten  the  influence  of  the 
air  in  mod  phenomena;  of  which  he  makes  the  in- 
flammable principle  alone  the  principal  caufe. 

Boyle  and  Hales,  however,  had  already  proved  the 
neceflity  of  paying  great  regard  to  that  fluid  in  chemi- 
cal experiments.  The  former  perceived  the  difference 
which  the  chemical  phenomena  mow  in  vacuo  and  in 
the  open  air:  the  latter  had  procured  from  a  great 
number  of  bodies  a  fluid  that  refembled  air,  and  in 
which  he  had  likewife  remarked  particular  properties, 
fuch  as  the  fmell  and  the  inflammability,  according  to 
the  fubftance  whence  it  was  procured.  He  con- 
fidered  air  as  the  cement  of  bodies,  and  as  the  prin- 
ciple of  their  folidity.  M.  Prieftley  repeated  a  great 
number  of  Hales's  experiments,  and  difcovered  many 
fluids  which,  though  they  refemble  air,  are  efientially 
different.  From  the  metallic  calces,  chiefly,  he  pro- 
cured a  kind  of  air  much  purer  than  that  of  the  at- 
mofphere.  M.  Bayen,  a  chemift  juftly  celebrated  for 
the  accuracy  of  his  works,  examined  the  calces  of  mer- 
cury j  and  difcovered,  that  they  were  reduced  without 
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the  addition  of  phlogifton,  and  during  their  reduction 
gave  a  conmierable  quantity  of  an  aerial  fluid.  Lavoifier 
proved  by  a  great  number  of  nice  experiments,  that  a 
part  or  the  air  was  combined  with  bodies  which  were 
calcined  or  burnt.  Since  that  time  he  has  given  rife  to 
a  clafs  of  chem.fts,  who  begin  to  doubt  of  the  prefence 
ot  phlogifton  and  attribute  to  the  fixation  or  the  difen- 
gagement  of  the  air  all  the  phenomena  which  Stahl 
thought  were  owing  to  the  reparation  or  combination 
of  phlogifton.  We  muft  agree  that  this  doctrine  has 
the  advantage  of  that  of  Stahl  in  a  more  rigorous  de- 
monstration, and  that  it  is  fo  much  the  more  feducin^ 
at  this  moment,  fmce  it  appears  to  proceed  folely  ol* 
palpable  and  confirmed  fads.  In  this  light  likewife  it  ap- 
peared to  the  late  M.Bucquet,  who,  in  his  two  or  three 
laft  courfes,  feemed  to  give  it  the  preference.  The 
only,  and  undoubtedly  the  wifeft,  part  which  we  ought 
to  take,  is  to  wait  until  a  greater  number  of  fafts  mail 
have  demonftrated  completely,  that  all  the  phenomena 
of  chemiftry  can  be  explained  by  the  doftrine  of  the 
gales,  without  admitting  that  of  phlogifton.  We  fliould 
take  it  for  this  farther  reafon,  that  M.  Macquer,  very 
much  convinced  of  the  great  revolution  in  chemiftry 
which  the  new  difcoveries  might  occafion,  has  at  the 
fame  time  doubted  if  we  are  able  to  explain  them  all 
without  the  help  of  this  principle ;  and  in  the  room  of 
phlogifton,  whofe  exiftence  never  has  been  rigoroufly 
demonftrated,  has  fubftituted  the  light,  whofe  action 
and  influence  on  the  chemical  phenomena  cannot  be 
called  in  queftion.  Convinced  of  this,  we  fhall  take 
care  to  explain  both  of  thefe  doctrines,  and  confine 
ourfelves  to  the  fimple  character  of  an  hiftorian;  ufing 
the  freedom,  however,  to  obferve  which  of  the  two 
appears  to  us  to  have  the  greateft  force  and  probability 
in  every  fail  to  which  it  will  be  necelfary  to  apply  them. 
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LECTURE  II, 
Chemical  Affinities. 

ALL  the  phenomena  of  chemiftry  are  founded  upon 
two  forces  which  nature  has  eftabliflied  between 
all  bodies,  and  which  it  is  of  the  utmoft  importance  to 
know. 

Thefe  two  forces,  both  very  diftin<£t  in  effects,  re- 
ferable, however,  one  another  in  this,  that  they.depend 
on  an  analogy  or  relation  between  the  bodies  upon 
which  they  aft. 

Of  the  Affinity  of  Aggregation. 

The  firft  of  thofe  forces  is  that  which  fubfifls  be- 
tween bodies  of  the  fame  nature,  as  two  molecules 
of  the  fame  metal,  or  two  particles  of  fulphur.  We 
have  a  ftriking  example  of  it  in  the  manner  in  which 
two  drops  of  water,  of  oil,  or  of  mercury  attract  each 
other  and  mix  together  ;  and  we  call  it  affinity  of  aggre- 
gation. The  effect  of  this  fpecies  of  affinity  is  to  form 
a  whole,  of  which  the  mafs  and  the  cohefion  are 
changed,  but  of  which  the  nature  is  the  fame  with  that 
of  the  parts  of  which  it  is  compofed.  The  whole  is 
diftinguiflied  by  the  name  of  aggregate :  the  molecules 
which  conftitute  it  are  called  its  integrant  parts.  Their 
character  is  to  have  the  fame  nature  with  the  whole,  and 
to  differ  from  it  only  in  the  bulk.  The  grains  of  fand 
are  the  integrant  parts  of  free  (tone,  which  is  the  aggre- 
gate of  the  grains  of  fand. 

The  aggregate  ought  to  be  diftinguifhed  from  the 
mafs,  whofe  integrant  parts  have  no  adherence  among 
them  ;  and  from  mixture,  which  is  itfelf  formed  of  feve- 
ral  maffes  mixed  together. 

A  piece  of  fulphur  is  an  aggregate ;  the  flowers  of 
fulphur  are  the  mafs ;  and  fome  land  mixed  with  the 
flowers  compofes  the  mixture. 

We  diftinguifli  four  fpecies  of  aggregates. 

I.  The 
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T.  .The  folid- aggregate,  one  of  which  is  inorganic,  ag 
marble  ;  the  other  organic  or  fibrous,  as  wood. 

2.  The  foft  aggregate,  as  melted  wax  or  kneaded  clay. 

3.  The  fluid  aggregate,  as  water,  oil,  &c. 

4.  The  aerial  aggregate,  comprehending  the  atmo- 
fpheric  air  and  other  gaies. 

This  diftinftion,  which  was  made  by  M.  Macquer,  is 
very  ufeful  to  guide  us  in  chemical  manipulations. 

Sometimes  the  affinity  of  aggregation  is  ftrong 
enough  to  make  two  bodies,  between  which  it  takes 
place,  approach  and  unite  ;  as  two  globules  of  the  fame 
iluid,  placed  at  a  certain  diftance  from  one  aiMier. 
But  for  the  mod  part  it  atts  only  by  means  of  a  dif- 
pofition,  which  is  entirely  the  confequence  of  art.  Thus 
two  parcels  of  lead  or  of  filver,  placed  at  the  fide  of 
one  another,  never  unite,  unlefs  fuilon  bring  them  into 
a  ftate  of  fluidity. 

J 

As  aggregation  counteracts  many  chemical  ope- 
rations,  it  is  often  necefiary  to  deftroy  it.  For  this 
jpurpofe,  we  mud  expofe  a  folid  aggregate  to  a  force 
more  confiderable  than  that  which  keeps  its  parts  uni- 
ted and  cohering  :  and  it  is  indifpcnfoble  that  the  forcet 
applied  be  proportioned  to  the  degree  of  affinity  of 
aggregation. 

1 .  We  divide  the  folid  and  fibrous  aggregates  by 
means  of  chifl'els,  knives,  files,  &c.  which  are  capable 
of  dtftroying  their  texture. 

2.  We  bruife  the  linpoliffied  or  inorganic  bodies  by 
the  help  of  the  mortar  and  the  porphyry;  whofe  form, 
hardnefs,  and  chemical  nature,  comprehends  all  that  be- 
longs to  the  theory  of  pulverifation  and  porphyrifation. 

3.  We  feparate  fluids  by  filtration.  In  doing  fo,  it 
is  neceffary  to  confider  the  fize  of  the  pores  in  filtres, 
that  they  be  proportioned  to  the  denfity  of  the  fluid  to 
be  filtered  ;  the  relation  of  this  fluid  with  the  filter ; 
and  the  chemical  natune  of  both.  Thefe  confiderations 
lead  us  to  choofe  filtres  of  wool,  linen,  or  paper. 

If  art  can  deftroy  aggregation,  it  has  the  power 
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likewife  of  reproducing  it.  It  is  fufficient  for  this, 
i.  to  keep  the  integrant  parts  of  an  aggregate  difperfed 
fey  means  of  a  fluid ;  in  this  manner  we  diffolve  a  fait 
in  water  :  2.  to  elevate  this  fluid  by  degrees,  until 
the  parts  are  able  to  approach,  meet*  and  unite.  This 
union  is  generally  called  cryjlallizat'ion. 

The  theory  of  this  operation  is  founded  entirely  up- 
on the  two  principles  which  we  are  to  eftablifh,  rela- 
tive to  the  manner  of  reftoring  aggregation  to  bodies 
that  have  loft  it.  It  is  meafured  by  the  cohefion  which 
the  parts  of  the  aggregate  have  formed  with  one  another, 
and  by  the  difficulty  we  feel  in  feparating  them. 

Of  the  Affinity  of  Compofiion. 

Wh£n  the  force  of  affinity  takes  place  between 
bodies  of  a  different  nature,  the  refult  is  a  new  body, 
called  a  compound.  That  is  the  reafon  why  that  force  is 
called  the  affinity  of  compofttion. 

Upon  obferving  accurately  the  phenomena  of  this 
fecond  force,  we  perceive  that  its  effects  are  certain: 
therefore  we  confider  them  as  laws,  and  think  they  may 
be  reduced  to  the  fix  following. 

Fir/}  Law.  This  affinity  never  takes  place  but  be- 
tween bodies  of  a  different  nature.  We  are  even  cer- 
tain, that  the  more  considerable  the  difference  is  in  the 
chemical  nature  of  the  fubftances  which  it  endeavours 
to  combine,  it  is  fo  much  the  Stronger :  of  this  fort  are 
the  acids  and  alkalis. 

Second  Law.  Its  power  is  exerted  only  on  very 
fmall  bodies.  When  the  bodies  are  fo  divided  that  they 
difappear,  the  affinity  of  combination  is  then  greateft. 
Chemifts  take  advantage  of  this  law,  by  which  they 
can  combine  fubftances  that  feem  but  in  a  fmall  de- 
gree capable  of  union. 

Third  Law.    This  affinity  appears  in  bodies  only  in 
the  point  of  contact.    When  the  molecules  of  a  body 
are  difperfed,  they  only  yield  to  the  force  of  aggrega- 
tion 
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tion  which  attracts  them;  but  when  they  come  in  con- 
tact:, combination  enfues. 

Fourth  Law.  It  may  exift  among  feveral  bodies: 
Thus  there  are  affinities  of  two,  three,  or  four  bodies  ; 
for  inftance  of  the  metallic  fubltances,  feveral  of  which 
are  frequently  combined.  Chemifts  are  as  yet  but  little 
acquainted  with  combinations  of  more  than  four  bodies. 

Fifth  Law.  It  is  neceflary  that  one  of  the  bodies 
which  we  combine  be  fluid  ;  according  to  the  axiom, 
Corpora  non  agunt,  nifi  foluta.  The  folution  is  not 
made  in  a  mechanical  way,  as  fome  phyficiL^s  have  ex- 
plained. The  folid  body  acts  as  ftrongly  upon  the  fluid 
as  the  fluid  on  the  folid.  Hence  the  words  fohents  or 
menjlrua,  and  bodies  to  be  diflblved,  prefent  us  with  an 
imfatisfa&ory  idea  only,  and  are  apt  to  lead  us  intomif- 
take.  Gellert  confidered  the  folid  body  as  having  even 
a  more  powerful  acYion  than  the  fluid.  We  have  not 
as  yet  difcovered  a  very  fure  criterion  for  diftinguifh- 
ing  the  fimple  fufpenfion  of  a  body,  which  is  very  much 
divided  in  a  fluid,  from  true  combination  or  folution. 
M.  l'Abbe  Ilochon,  of  the  royal  academy  of  fciences, 
has  difcovered,  that  the  manner  in  which  the  rays  of 
the  fun  are  rerracled  by  two  fluids,  the  one  of  which  is 
only  a  vehicle,  and  the  fecond  a  true  combination,  may 
make  the  one  fluid  be  diftinguilhed  from  the  other. 
This  facl,  if  confirmed,  would  furnifh  a  very  ingenious 
and  very  ufeful  procefs  to  chemifts. 

We  ought  (till  to  diftinguifh  a  kind  of  folution  by 
the  aid  of  fire,  which  converts  one  or  both  the  lblids  in- 
to a  ftate  of  fluidity.  This  lafl  is  called  the  dry  way  ; 
and  the  former,  diflinguifhed  by  the  name  of  folution  or 
combination,  the  humid  way.  It  were  to  be  \vifhed 
that  we  could  fubftitute  the  word  combination  in  the 
place  of  folution. 

Sixth  Law.  The  affinity  of  combination  is  in  the 
inverfe  ratio  of  the  affinity  of  aggregation.  The 
i\ ronger  the  latter,  the  weaker  the  former.  This  law  is 
only  a  confequence  and  amplification  of  the  preceding. 

Seventh 
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Seventh  Law.  During  its  aaion,  the  temperature 
of  the  bodies  changes.  Two  bodies,  in  the  aft  of  com- 
bination, grow  either  cold  or  hot.  Heat  is  much  more 
frequent  than  cold. 

Eighth  Law.  The  compounds  which  it  produces 
have  properties  very  different  from  thofe  of  their  prin- 
ciples. The  complete  knowledge  of  this  law  is  of  great 
importance,  fince  it  is  contrary  to  what  has  been  avert- 
ed by  feveral  chemifts,  who  think  that  the  compounds 
poffefs  the  mean  properties  of  thofe  of  their  component: 
parts.  A  great  number  of  chemical  phenomena,  how- 
ever, confirm  this  law  as  we  lay  it  down.  Two  very 
fluid  bodies,  as  oil  of  tartar  and  oil  of  vitriol,  mixed 
together,  inftantly  form  a  folid.  Two  folids,  as  an 
amalgam  of  lead  and  an  amalgam  of  bifmuth,  tritura- 
ted together,  inftantly  become  fluid.  Two  very  fapid 
and  even  cauftic  bodies,  as  caufticum  commune  and  ni- 
trous acid,  produce  a  fait  of  a  cool  and  bitter  tafte. 
Two  bodies  without  colour,  as  oil  of  turpentine  and  oil 
of  vitriol,  form  a  black  and  charry  foap.  The  cafe  is 
the  fame  with  all  the  other  properties. 

Ninth  Law.  We  eftimate  the  influence  of  this  law 
by  the  difficulty  that  occurs  in  feparating  a  compound 
into  its  principles,  rather  than  by  the  rapidity  of  their 
union.  Nitrous  acid  unites  with  violence  to  mercury, 
from  which  it  is  eafily  feparated  by  the  acYion  of  fire  ; 
whilfl  the  marine  acid,  which  feems  not  fufceptible  of 
combination  with  this  fubftance  in  its  metallic  ftate, 
forms  with  it  a  fait  which  is  entirely  volatilized  by  the 
action  of  the  fire,  and  of  which  heat  cannot  feparate  the 
principles - 

Tenth  Law.  This  affinity  is  not  equal  among  all 
bodies,  and  it  has  different  degrees.  Upon  this  law 
one  of  the  mofl  aftonifhing  and  ingenious  operations  in 
chemiftry  is  founded,  the  reparation  of  the  two  prin- 
ciples of  a  compound  by  the  addition  of  a  third,  which 
has  a  greater  affinity  to  one  of  the  two  than  they  have 
to  one  another.    This  operation  ought  to  be  called  de* 
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compofttton;  though  commonly  known  by  the  name  of 
precipitation,  which  is  not  applicable  to  the  generality 
of  cafes  that  occur  in  this  decompofition.  In  confe- 
quence of  this  falfe  denomination,  we  have  diftinguifhed 
different  forts  of  precipitates;  true,  falfe,  pure,  and  im- 
pure precipitates. 

It  is  a  true  precipitate  when  it  is  the  fubftance 
which  is  feparated  from  the  compound  that  is  preci- 
pitated.   The  falfe  precipitates,  on  the  contrary,  are 
formed  by  new  combination.    Thus,  lime  precipitated 
from  felenite  by  the  caiiftic  fixed  alkali,  gives  a  true 
precipitate ;  but  the  vitriol  of  mercury,  formed  by  the 
addition  of  vitriolic  acid  to  a  folution  of  this  femi- 
metal  in  the  nitrous,  is  a  falfe  precipitate.    But  what 
name  can  be  given  to  a  fubftance  which  is  feparated 
from  a  compound  and  volatilized,  as  the  volatile  alkali 
difengaged  from  a  folution  of  fal  ammoniac  by  lime- 
water,  or  the  cauftic  fixed  alkali?  It  is  evident  that 
this  word  precipitation,  which  ftill  marks  the  fubftance 
ferving  to  decompofe  the  compound  by  the  name  of 
precipitant,  does  not  indicate  the  decompofition  which 
takes  place  among  folid  bodies  by  cold  orbyfufion.  It 
cannot  be  applied  to  thofe  decompofitions  that  take  place 
without  the  folution  growing  turbid;  a  thing  which 
happens  in  confequence  of  the  equal  folubility  of  the 
new  compound  and  the  fubftances  feparated; 

By  pure  precipitates,  we  mean  thofe  which  are  not 
altered  by  the  precipitant,  in  confequence  of  its  having 
no  a&ion  upon  them;  fuch  as  vitriolated  tartar,  fepa- 
rated from  water  by  the  addition  of  fpirit  of  wine.  Pre- 
cipitates become  impure  by  the  alteration  which  they 
undergo  from  the  precipitating  fubftance  which  has  af- 
finity with  them.  In  this  manner  the  metallic  precipi- 
tates by  acids  or  alkalis  appear  under  a  form  and  Un- 
der colours  not  natural  to  them,  and  which  they  owe 
in  part  to  the  re-action  of  the  alkalis.  The  charafter- 
iftic  of  thefe  precipitates  is,  their  difappearance  and  folu- 
tion in  the  fubftance  that  precipitates  them,  when  it  is 
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added  in  greater  quantity  than  is  neceffary  for  precipi- 
tation. For  inftance,  copper  precipitated  by  volatile 
alkali  from  its  acid  menftrua,  or  iron  feparated  from 
the  nitrous  acid  by  fixed  alkali,  which  fome  modern 
chemifts  have  falfely  called  aerial,  but  which  is  a  true 
neutral  fait,  that  we  call  by  the  name  of  tartar,  com- 
bined with  the  acid  of  chalk,  iince  it  is  formed  by  the 
union  of  the  fixed  alkali  of  tartar  with  the  acid  of  chalk, 

Chemifts  have  diftinguilhed  feveral  kinds  of*  affinity 
of  compofition  ;  as  the  Jimple  affinity,  the  nature  of  which 
we  are  going  to  defcribe;  and  the  double  affinity,  with 
which  it  is  very  difficult  to  be  well  acquainted.  We 
fee  an  example  of  this  laft,  when  a  compound  of  two 
bodies  which  cannot  be  decompofed  by  two  other  fimple 
bodies  fingly  applied,  is  however  decompofed  by  means 
of  thefe  two  bodies  united  together.  For  example,  the 
particular  colouring  principle  united  with  the  alkali  cal- 
led phlogiflkated,  cannot  be  feparated  from  it  either  by 
vitriolic  acid  alone,  or  by  pure  iron.  r  Thefe  two  fub- 
ftances,  however,  under  the  form  of  martial  vitriol,  de- 
compofe  completely  this  phlogifticated  alkali. 

It  mould  feem  that  thefe  decompofitions  are  produced 
by  means  of  a  compound  affinity  between  the  four 
fubftances  which  come  in  contact  in  this  experiment ; 
and  we  can  very  well  explain  and  comprehend  the  phe- 
nomena, if  we  mark  the  number  of  the  particular  affi- 
nities. 

With  regard  to  the  reciprocal  and  intermediate  affi- 
nities, they  feem  to  have  no  right  to  be  admitted  to  the 
rank  of  the  fir  ft.  Indeed,  the  reciprocal  affinity,  which 
happens  when  a  body  feems  to  mow  an  almoil  equal 
affinity  to  two  other  fubftances,  in  fuch  a  manner  that 
it  can  be  feparated  from  the  one  by  the  other  recipro- 
cally, as  the  fixed  alkali  which  is  feparated  by  the  ni- 
trous acid  from  the  vitriolic  ;  it  takes  place  only  in  few 
cafes.  Befides,  it  is  owing  to  particular  circumftances : 
for,  in  the  above  example,  the  acids  muff,  have  fome  pari 
iicula.r  modifications  in  order  to  effect  thefe  changes, 
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as  we  £hall  remark  in  the  hiftory  of  the  felts.  We  have 
an  example  of  intermediate  affinity,  according  to  fome 
chemifts,  when  a  body,  which  could  not  be  united  to 
another  becomes  capable  of  union  by  combination  with 
a  third.  In  this  manner  oil,  which  cannot  be  united 
with  water,  becomes  able  to  unite  by  the  intermedium 
of  an  alkali,  which  converts  it  into  the  ftate  of  foap. 
This  fpecies  of  affinity  is  comprehended  in  our  eighth: 
law. 

Such  is  the  ftate  of  our  knowledge  of  the  affinity  of 
compofition.  We  imagine  we  ought  only  to  mention! 
fa&s.  As  to  the  hypothefis  which  we  have  propofed  of: 
the  caufe  of  this  force,  we  do  not  pretend  to  account; 
for  it.  We  think  that  the  knowledge  of  it  is  as  obfcurc 
as  that  of  attraction.  We  believe,  however,  that  it  is 
impoffible  to  confound  it  with  this  laft,  whofe  laws  are 
totally  different ;  although  fome  perfons  have  believed! 
that  they  are  truly  the  effects  of  a  fimilar  caufe. 

LECTURE  nr. 

Of  the  Principles  of  the  Chemists. 

PREVIOUS  to  our  entering  upon  the  examina- 
tion of  the  different  natural  bodies  and  their  che- 
mical properties,  it  is  neceffary  to  know  what  chemifts; 
have  underftood  by  principles. 

It  is  fubftances  more  or  lefs  fimple,  which  they  fup- 
pofe  capable  to  form  all  bodies,  and  which  they  feparate 
in  their  analyfis. 

They  are  diftinguifhed  into  immediate  principles,  the 
component  or  fecondary  parts  of  bodies  ;  and  into  remote' 
principles,  their  elementary  or  primitive  parts.  The: 
firft  are  all  thofe  that  are  furnifhed  by  the  firft  analyfis, 
which  we  obtain  from  a  compound  body.  For  this 
reafon  they  are  called  the  immediate  principles.  But  as 
thefe  fubftances  are  themfelves  compounds,  they  are  di- 
ftinguifhed by  the  name  of  fecondary  or  component  parts. , 
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The  primitive  or  remote  principles,  are  thofe  which 
we  obtain  from  a  body  in  the  laft  analyfis ;  and  which, 
by  their  union,  form  the  immediate  principles.  For  inftance, 
in  the  dillillation  of  a  vegetable  fubftance,  we  obtain 
fluid  or  concrete  falts,  oils,  and  gafes.  Thefe  different 
matters  are  the  immediate  principles,  formed,  however, 
of  other  principles;  for,  by  a  new  analyfis,  the  oil  yields 
water,  air,  earth,  and  other  fubftances,  which  are  pri- 
mitive principles.  On  this  account  thefe  laft  have  been 
called  elements.  Their  character  is,  an  impoffibility  of 
being  farther  decompofed,  and  their  fer.ving  for  the 
formation  of  almoft  all  the  bodies  in  nature.  Chemifts 
fuppofe  that  thofe  fubftances  can  be  united  in  different 
numbers,  and  in  different  ftates.  Thefe  unions,  there- 
fore, they  have  diilinguilbed  by  the  following  denomi- 
nations, which  owe  their  origin  more  to  their  imagina- 
tion than  to  nature,  and  which  are  only  defigned  to  fet 
our  knowledge  in  a  proper  train. 

A  body  formed  of  two  fimple  bodies  is  a  mixt ;  and 
two  mixts  united  form  a  compound ;  the  union  of'  two 
compounds  produces  a  fur  compound  ;  the  union  of  two 
furcompounds  gives  rife  to  a  decompofition  ;  and,  laftly, 
two  decompositions  united  form  a  fur  decompofition. 

We  have  always  differed  about  the  number  and  the 
nature  of  principles.  Among  the  firft  philofophers, 
fome  have  with  Thales  regarded  water  as  the  fole  prin- 
ciple of  all  things.  Others  have  afcribed  this  prerogative 
to  the  air,  as  Anaximenes  has  done.  Empedocles  united 
thefe  opinions,  and  was  the  firft  who  admitted  as  ele- 
ments, fire,  air,  water,  and  earth.  Ariftotle  adopted 
this  opinion,  and  has  been  followed  in  it  by  the  Peri- 
patetics down  to  the  1 6th  century.  Then  Paracelfus 
fubftituted  five  elements  in  place  of  thofe  of  Ariftotle. 
Of  thefe  live  elements,  that  of  fpirit  or  mercury  com- 
prehended every  .thing  poffeiling  volatility  or  odour  ; 
that  of  phlegm,  every  thing  that  was  liquid  and  iniipid-; 
that  of  fait,  every  thing  that  was  lapid  and  that  dnfolved 
in  water;  that  of  fulphur,  or  oil,  every  thing  that  was 
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inflammable  or  fluid  ;  that  of  earth,  all  that  was  dry, 
infipid,  arid  fixed. 

To  mention  this  doctrine  is  fufiicient  to  (how  its  fal- 
fity  and  infufficiency.  It  is  evident  that  Paracelfus,  at- 
tached to  the  products  of  his  operations,  has  confound- 
ed a  great  number  of  very  compounded  bodies  among  his 
principles. 

Beccher  has  admitted  two  principles ;  that  of  humi- 
dity, which  he  calls  water;  and  that  of  drynefs,  which 
he  calls  earth.  He  divided  earth  into  three  kinds ;  the 
vitrefcent,  the  inflammable,  and  the  mercurial  earths. 
The  firft  was  the  moft  unalterable,  the  moft  pure,  the 
principle  of  hardnefs  and  of  fixity.  The  inflammable 
earth  communicated  fmell,  colour,  volatility,  and  com- 
buftibility  to  bodies  into  whofe  compofition  it  entered. 
Laftly,  the  mercurial  earth,  according  to  this  chemift, 
poffcfled  the  fingular  property  of  giving  to  bodies,  of 
which  it  makes  a  part,  a  great  weight,  along  with  an 
extreme  volatility. 

Stahl  has  commented  on  the  doctrine  of  Beccher,  and 
has  fully  demonflrated  the  pure  vitrefcent  earth.  The 
inflammable  earth,  which  he  has  called  phlogifton,\s  cal- 
led in  queftion  by  feveral  modern  chemifts.  With  re- 
fpect  to  the  mercurial,  it  was  quite  irapoffible  for  him 
to  find  it  and  render  its  exiftence  believed.  It  may  be  ob- 
served, that  Stahl,  attached  entirely  to  the  inveftigation 
of  phlogifton,  and  to  the  examination  of  its  properties, 
feems  to  have  forgotten  the  influence  of  the  air,  which 
Hales,  much  about  the  fame  time,  demonflrated  to  be  of 
the  moft  confiderable  confequence. 

If  we  muft  call  every  thing  which  cannot  be  decom- 
pofed,  element,  we  obferve,  in  the  firft  place,  that  the 
number  of  thefe  fubllances  is  very  great,  fince  the  me- 
tals, fulphur,  and  other  bodies,  feem  to  be  as  incapable 
of  decomposition  as  the  four  elements  properly  fo  called ; 
which  we  fhall  prove  in  the  article  on  each  of  them.  In 
the  lecond  place,  that  the  four  fubllances  named  elements, 
are  not  all  of  them  fo,  fince  it  is  pollible  to  decompofe  the 
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atmofpheric  air  into  feveral  gafes.  In  the  third  place,  that 
we  know  of  various  kinds  of  earths,  very  different  from 
one  another,  yet  not  the  lefs  fimpie. 

Of  the  Divifion  of  the  Natural  Bodies  into feveral  Kingdoms. 

Since  the  object  of  chemiflry  comprehends  all  na- 
tural bodies,  it  is  neceffary  for  the  confideration  of  them 
all,  to  eftablilh  an  order  among  them,  that  they  may  be 
diltinguimed,  and  to  affix  certain  characters  to  them, 
by  means  of  which  they  may  be  known. 

Naturalifls  have  divided  them  into  three  kingdoms, 
the  Mineral,  the  Vegetable,  and  the  Animal.  The 
mineral  kingdom  comprehends  all  the  hard  inorganic 
bodies  which  form  the  mafs  of  our  globe,  whofe  volume 
augments  by  juxtapofition  or  cryftallization,  a! id  which 
yields  only  to  the  force  of  attraction,  of  aggregation, 
and  of  the  affinity  of  combination.  Thefe  are  the  mi- 
nerals. 

The  vegetables  are  formed  of  fibres  and  veffels,  which 
contain  fluids.  They  are  nourished  by  intus-fuception 
and  elaboration  of  the  juices ;  and  yield  to  particular 
laws,  which  depend  on  their  organization,  and  which 
conftitute  the  functions  of  the  vegetable  ceconomy. 
Thefe  functions  are,  generation,  digtflion,  nutrition, 
and  fecretion;  which  are  very  remarkable  among  thefe 
fubflances,and  over  which  particular  organs  prefide.  Re- 
fpiration,  circulation,  and  irritability,  are  but  very  weak, 
in  them.    Senfibility  does  not  belong  to  them  at  all. 

Vegetables  are  confined  to  the  foil  in  which  they  are 
produced,  until  they  be  deftroyed. 

Animals  enjoy  all  the  foregoing  properties  in  a  much 
more  remarkable  degree.  Circulation,  refpiration,  ir- 
ritability, fenfibility,  and  loco-motive  power,  form  their 
diftincf.  characters.  Their  organization  is  more  com- 
plicated and  more  elegant  than  that  of  vegetables.  Thefe 
exhibit  always  the  fame  interior  texture  in  their  differ- 
ent parts  as  the  root,  the  (tern,  the  leaf,  the  flower, 
the  fruit.    Animals,  on  the  contrary,  prefent  a  varied 
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ftrufture  in  the  different  organs  of  their  bodies ;  and 
moreover,  all  'the  vifcera  of  animals  are  neceflary  for 
the  l'upport  of  life,  which  ceafes  whenever  they  do  not 
lend  an  equal  affiftance  ;  whilft  every  part  of  the  vege- 
table, living  by  its  proper  contexture,  not  only  can  dif- 
penfc,  and  docs  difpenfe  effectively,  with  the  aid  of  the 
other,  but  can  even  reproduce  the  deftroyed  parts. 
Thefe  two  kingdoms  feem  to  be  confounded  by  feveral 
of  their  extremes,  fuch  as  the  polypes ;  and  they  have 
been  re-united  by  the  natural  anatomifts  into  one  only, 
which  they  have  called  the  living  or  organic  kingdom. 

Chemiftry,  as  we  mail  point  out  at  the  end  of  this 
courfe,  has  alfo  means  of  analyzing  and  of  comparing 
thefe  two  kingdoms ;  however,  we  (hall  feparate  them, 
in  order  :b  be  more  explicit  and  methodic. 

We  begin  with  the  examination  of  minerals,  be- 
caufe  thofe  fubftances  are  more  fimple  than  the  other 
king  !ofns,  their  analyfis  more  eafy  and  fatisfactory, 
much  farther  advanced  and  better  known ;  and  becaufe 
almolt  all  the  principal  chemical  facls,  which  ought  to 
form  the  bafis  of  thisfcience,  are  applicable  to  minerals. 
The  indents  had  made  a  particular  kingdom  of  the  four 
elements.  It  is  not  indeed  very  evident  among  which 
of  the  three  we  ought  to  rank  them,  fince  they  aft  equally 
on  all  the  three.  However,  as  they  make  a  part  of  the 
globe,  and  are  inorganic,  it  appears  more  natural  to 
clafs  them  at  the  head  of  the  mineral  kingdom,  being 
the  fubftances  the  rnofl  univerfally  diffufed,  and  the 
moft  fimple  in  fome  points  of  view. 

Of  the  Four  Elementary  Bodtes. 

•  Article  I.  Examination  of  the  Properties  of  ¥  ire. 

Combustible  fubflances,  which  being  inflamed  emit 
light  and  heat,  have  been  univerfally  looked  upon  as. 
real  fire.  Philofophers  have  defcribed  it  to  be  a  fluid 
poffeffed  of  great  mobility,  very  active,  very  penetrating; 
which  is  formed  of  fubtle  permanent  particles  endowed 
with  continual  motion,  and  difpofed  always  to  increafe: 
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but  none  of  them  have  been  ever  able  to  colled  this 
fluid,  to  concentrate  it,  and  examine  its  properties. 
Since  this  is  impoffible,  no  other  refources  remain,  but 
the  ftudy  of  the  erfeds  which  are  generally  afcribed  to 
it."  With  Boerhaave,  we  admit  three  of  thefe  effects  ; 
Light,  Heat,  and  Rarefaction. 

§  1.  Of  Light. 

Light  is  a  body  whofe  exiftence  is  demonftrated* 
and  which  may  be  collecled  in  the  camera  obfeura:  it 
proceeds  from  the  fun  ;  it  pervades  the  atmofphere, 
which  it  feems  entirely  to  fill ;  it  is  that  fubftance  which 
makes  us  capable  of  perceiving  the  image  of  the  bodies, 
that  reflect  the  rays  of  it  towards  our  eyes. 

Its  motion  is  very  rapid,  and  in  ftraight  lines  ;  it  run's 
through  24000  leagues  in  a  fecond. 

So  great  is  its  elafticity,  that  the  angle  of  its  reflection 
is  equal  to  the  angle  of  its  incidence.  Hence  it  might 
be  fufpe*ted,  that  the  permanency  of  its  rays  is  ex- 
treme. It  is  proved  that  it  poffefles  weight,  by  the  in- 
flection which  it  fuffers  in  palling  by  the  fide  of  a  body. 

When  it  penetrates  from  a  rare  into  a  more  denie 
medium,  it  is  refra&ed.  like  all  hard  bodies.  But  New- 
ton difcovered  that  its  refrangibility  is  in  the  inverfe 
ratio  of  that  of  other  bodies  ;  and  that,  in  penetrating 
into  bodies  more  denfe  than  thofe  which  it  leaves,  it 
approaches  to  the  perpendicular,  whereas  other  bodies 
recede  from  it. 

It  has  different  actions  upon  bodies  according  to 
their  nature.  Opake  bodies  reflect:  it.  It  penetrates 
tranfparent  bodies  ;  which  refract  it,  either  in  the  direct 
ratio  of  their  denfity,  if  they  are  incombuftible  ;  or  in 
the  duplicate  ratio  of  their  denfity,  if  they  are  inflam- 
mable. Newton,  who  made  the  following  experiments 
on  light,  has  difcovered,  that  in  palfing  through  the 
prifm,  it  is  decompounded  into  feven  rays. 

The  rays  are  in  the  following  order. 

Z.  The  red, — a  fimple  and  primitive  colour. 
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2*        orange, — compofed  of  red  and  yellow. 

3.  The  yellow, — fimple  and  primitive. 

4.  The  green,— compofed  of  yellow  and  blue. 

5.  The  blue, — fimple  and  primitive. 

6.  The  indigo, — compofed  of  the  blue  and  violet. 
7-  The  violet, — fimple  and  primitive. 

Light  appears  to  be  1'ubjrct,  as  all  other  bodies,  to  the 
affinity  of  compofition  j  however,  its  affinities  muft  be 
very  weak,  fmce  its  hardnefs  is  very  confiderable.  We 
know  that  it  colours  vegetables,  and  changes  the  me- 
tallic falts,  when  contained  in  tranfparent  veifels  which 
are  expofed  to  it ;  and  M-  Macquer  has  ingenioufly 
.  fubftituted  it  in  place  of  the  plilogifton  of  Stahl,  whofe 
exiftence  was  not  demonitrated. 

.. %2  §  2.   Of  Heat  (a.) 

Heat  is  only -an  agreeable  or  difagreeable  fenfation. 
M.  Bergman  views  it  in  the  light  of  a  particular  body. 

M. 

(a)  Heat,  light,  fire,  and  phlogifton,  ar«  too  ofcen  confounded 
together,  from  the  vasjue  notions  of  thofe  who  talk  on  the  fubjeft, 
Each  of  them,  however,  has  properties  of  its  own,  diftinft  from  the 
rett.  Phlogifton  is  neither  heat,  nor  light,  nor  fire,  though  inti- 
mately connected  with  all  of  them,  and  transferable  into  other  fub- 
ftances  by  a  proper  management.  The  manner  of  doing  this  will 
appear  evident  from  a  review  of  M.  Scheele's  fyflem.  According 
to  the  opinion  of  this  very  ingenious  chetnift,  heat  ought  to  be  re- 
garded as  a  combination  of  phlogifton  with  pure,  or  what  he  calls 
empyreal,  air  (that  air  which  alone  is  capable  to  (upport  animal  life, 
and  to  furnifh  pabulum  for  the  accenfion  of  combuftiblc  bodies). 
He  finds  this  conjecture  verified  by  experiment.  For  inltance,  the 
earth  of  gold  is  reftored  to  its  metallic  ftate  by  the  decompofnion  of 
heat  ;  the  phlogifton  adhering  to  the  metal,  while  the  empyreal  air 
efcapes  into  the  receiver.  A  fmall  quantity  of  this  earth  is  made 
red  hot  in  a  receiver  ;  apd  as  the  only  difference  between  it  and 
regulme  gold  confifta  in  the  abfence  of  phlogifton,  you  know,  when 
the  gold  is  revived,  that  plilogifton  has  been  found,  and  it  could  be 
foivnd  no  where  but  in  the  heat.  Mercuriui  precihitatus  per  fe  un- 
dergoes the  fame  change,  and  yields  the  lame  product  by  tne  ap- 
plication of  iieat  alonr.  In  thole  examples,  it  is  not  pofiible  to  pre- 
tend that  plilogifton  penetrates  the  bottom  of  the  fand-pot,the  land, 
and  the  retort,  to  unite  with  the  gold  earth ;  for  then  there  could 
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M  Macquer  fuppofes  that  it  is  nothing  but  a  modifica- 
tion of  which  all  bodies  are  fufceptible.  To  diftinguifli 
whether  of  thefe  opinions  ought  to  be  preferred,  it  is 
neccffarv  to  examine  the  effects  of  heat.  It  penetrates 
all  bodies  without  exception  ;  it  is  not  reflefted,  hnce 

a 

be  no  formation  of  empyreal  air  ;  and  the  calces  of  ignoble  metals 
fhould  alfo  be  revived,  which  is  not  the  cafe.     He  farther  obfcrves, 
that  light  contains  ohlogifton  in  a  Rate  capable  of  feparat.on.    it  a 
folution  of  filver  in  'nitrous  acid  be  poured  on  chalk,  and  expo.ed  to 
funfhine,  the  metallic  calx  revives,  by  aurading  phlogifton  from  the 
rays  of  light.    The  like  decompofition  obtains  by  prefentmg  co- 
lourlefs  nifrous  acid  to  the  fun's  light,  when  it  foot,  acquires  an 
orange  tint,  and  becomes  fuming  :  a  change  which  conftantly  follows 
the  acquifitioQ  of  phlogifton.    Light  therefore  is  not  a  funple  ele- 
mentary body.    It  rather  fcems  to  referable  a  compound  into  which 
phlogifton  enters  as  a  component  part.    The  affinity  of  light  to 
heat  is  fo  great,  that  if  the  phial  containing  the  nitrous  acid  be 
painted  black,  the  phenomena  of  heat  are  produced,  not  thole  of 
light.    The  liquor  is  warmed,  without  change  of  colour  or  of  vola- 
tility.   All  thofe  circumftances  feem  to  demondrate,  that  heat  and 
light  arife  from  the  mixture  of  fimiiar  ingredients,  combined  in  va- 
rious proportions.  Even  the  various  coloured  light  contains  unequal 
mares  of  phlogifton.    The  violet  rays  part  more  eafily  with  their 
phlogifton  to  revive  metallic  calces.  When  the  free  pafTage  of  light 
is  not  interrupted,  there  is  no  change  of  temperature  occasioned  : 
but  when  any  obftacle  ftops  the  courfe,  theoppoling  body  is  heat- 
ed, or  in  fome  cafes  acquires  phlogifton.    Light  therefore  fcems  to 
be  the  matter  of  heat,  faturated  with  a  Overabundant  quantity  of 
phlogifton.    In  the  formation  of  light,  we  have  an  opportunity 
to  trace  the  ftages  of  the  progrefs  from  the  ftate  of  heat  to  that  of 
perfect  light.    To  this  end  we  obferve,  that  the  heat  which  ifTues 
from  the  fire  of  a  furnace  is  of  two  kinds  ;  one  which  poffcffcs  all 
the  properties  of  common  heat,  diffufes  itfdf  to  furrounding  bodies, 
and  mounts  upwards  by  warming  the  air;  the  other  kind  proceeds 
forward  in  ftraight  lines,  difturbing  the  air  by  undulations.     It  may- 
be reflcded  from  polifhed  furfaces,  according  to  the  direction 
of  the  incident  ray  :  with  this  peculiarity,  that  a  concave  mirror  re- 
tains the  heat,  while  it  rtfle&s  the  light;  for  the  focus  is  luminou 
but  not  warm:  or  while  we  interpoie  a  plane  of  glals  in  its  courle, 
we  fee  the  fire,  but  do  not  feel  the  force  of  the  heat.    This  is  a  cu- 
rious fad,  andfuggefts  the  probability  of  this  radiant  heat  being  an 
intermediate  Hep  in  the  tranfiiion  of  heat  towards  light.     It  is  not 
perfect  light,  though  approaching  to  it.  Nor  ought  it  to  be  thought 
unphilofophical,  to  fappofe  empyreal  air  mifcible  with  different  pjo- 
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a  hot  body  is  not  more  elaftic  than  when  it  is  cold.  It 
is  exadly  of  the  fame  nature  with  all  other  bodies,  and 
endeavours  always  to  put  iifelf  in  equilibrio.  We  do 
not  know  its  weight,  fince  nothing  proves  that  a  heated 
body  is  heavier  than  when  it  is  cold.  It  cannot  be  fixed 

in 

portions  of  phlogiflon  ;  becaufe  this  fuppofition  is  confonant  to 
many  well  known  fafts  in  chemiftry,  in  which  bodies  acquire  new 
properties  by  the  augmentation  or  diminution  of  their  phlogifton. 
Thus  the  acid  of  arlenic,  by  the  addition  of  fome  phlogifton,  be- 
comes white  arfenic  ;  and  by  the  addition  of  ftill  more,  affumes  the 
appearance  of  a  perfeft  femi-metal,  though  apparently  no  Mates  are 
more  oppofite  than  thofe  of  a  liquid  acid  (alt  and  of  a  folid  metallic 
fubftance. 

Once  the  intimate  -union  of  phlogifton  and  empyreal  air  has  been 
compounded  into  heat,  the  heat  becomes  a  fubftance  capable  of 
uniting  with  all  bodies.  It  is,  however,  ncceflary  to  remark  a  dif- 
ference in  the  mode  of  combination.  Heat  enters  the  pores  of  fome 
bodies  without  altering  their  nature,as  water  is  abforbed  by  a  fpunge, 
and  may  be  expelied  in  the  fame  way  by  compreffion.  A  rod  of 
iron,  beat  on  an  anvil  with  a  forge-hammer,  becomes  warm  and  red 
hot,  becaufe  the  particles  of  iron  being  more  clofely  compacted,  the 
heat  muft  leave  the  pores  ;  but  once  it  has  undergone  this  opera- 
tion, we  cannot  repeat  it  with  fuccefs,  until  it  receive  a  frefh  fup- 
ply  of  heat.  In  the  other  cafe,  heat  makes  an  ingredient  of  the 
compound,  and  is  to  be  diflodged  by  the  fuperior  elective  attraction 
of  fome  third  body.  Thus,  if  we  take  any  neutral  fait,  whofe  acid 
is  to  be  detached  by  the  adion  of  heat  alone,  and  expofe  it  to  a 
radiant  heat  for  an  hour,  and  allow  it  to  cool,  the  cafe  is  the  fameas 
before,  only  inftead  of  an  acid  it  has  adopted  heat.  Thofe  which 
'  abfurb  mod  heat,  not  only  acquire  the  property  of  ciflblving  in  wa- 
ter, but  alfo  of  parting  with  all  their  fuperftuous  heat  on  the  addi- 
tion of  water.  On  this  account  quick-lime  becomes  hot  in  wtiter. 
The  earth  attracts  water,  and  parts  with  its  heat. 

After  proving  the  truth  of  thefe  particular  doclrines,  Mr  Scheele 
explains  the  nature  of  fire.  He  obferves,  that  fire  is  a  more  or  lefs 
heated,  more  or  lels  luminous  (late  of  bodies,  in  which  they  are  re- 
folved  into  their  condiment  parts, -and  entirely  deftroyed.  It  mult 
be  previoufly  heated  in  contact  with  air;  for  to  every  combuflible 
body  a  certain  quantity  of  heat  mud  be  communicated,  in  order  to 
let  it  in  the  fiery  commotion.  The  heat  penetrates  the  pores  of 
bodies,  and  deftroys  their  cohefion  :  Then  the  body  parts  with  its 
phlogifton,  provided  there  be  a  iubiianee  prefent  which  has  a 
ftronger  attraction  for  the  inflammable  principle.  If  the  heating 
be  performed  in  opui  air,  the  empyreal  air  has  the  ftrcngcr  attrac- 
S.  tiou. 
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in  any  fubftance  ;  it  flies  off  gradually.  It  dilates  the 
mod  part  of  mineral  bodies;  and  when  it  is  very  ftrong, 
it  contracts  organic  iubftances.  All  its  properties  do 
not  demonftrate  the  exiftence  of  a  body ;  and  we  think, 
after  this,  that  heat  is  only  a  modification  fnnilar  to  mo- 
tion. 

feton.  Immediately  after  tins,  the  inflammable  principle  muft  come 
out  to  unite  with  the  empyreal  air,  and  thus  be  fet  at  liberty.  From 
this  union  heat  is  compounded  ;  and  fcarcely  is  this  heat  generated, 
when  the  combultible  body  is  ftill  more  expanded  by  it  than  in  the 
beginning,  and  its  phlogiHon  more  laid  open.  The  more  the  heat 
is  increafed,  the  more  minute  are  the  particles  into  which  the  cora- 
buaible  body  is  difiblved.  The  empyreal  air  meets  more  furfaces, 
confequently  comes  in  contaft  with  more  phlogifton,  and  according 
to  its  nature  forms  an  union  'with  a  greater  quantity  of  it,  which 
caufes  radiant  heat.  At  this  very  moment  the  conftituent  parts  of 
the  combu  ftible  body  are  fo  much  difunited  by  the  ftill  increafing 
heat,  that  the  empyreal  air,  continuing  to  pour  upon  it  in  ftreams, 
attracts  the  phlogifton  in  ftill  greater  quantities:  and  hence  the 
moll  elaftic  fubftance,  light,  is  compofed ;  which,  according  to  tne 
quantity  of  combuftible  matters,  fhows  various  colours. 

Dr  Crawford's  fyftem  of  heat  proceeds  upon  principles  very  dif- 
ferent from  thofe  which  Mr  Scheele  has  advanced.  Heat,  be  ob- 
ferves,  has  a  tendency  to  diffufe  itfelf  all  around,  and  to  bring  all 
bodies  to  the  fame  temperature.  In  this  (late  it  is  fenfible  upon 
the  application  of  a  thermometer.  But  during  the  communication 
of  heat  from  one  body  to  another,  a  great  quantity  often  appear* 
to  be  loft.  Thus,  when  you  fufpend  a  piece  of  ice  in  a  warm  room, 
a  great  influx  of  heat  is  requifite  to  diflblve  it,  and  even  then  the 
water  is  not  raiftd  one  degree  above  the  freezing  point.  It  would 
therefore  appear,  that  a  large  portion  of  heat  is  abforbed  by  the 
ice,  to  enter  as  a  conftituent  part  in  the  formation  of  water;  in 
ihort,  that  water  cannot  exift  without  heat  as  an  ingredient;  and 
that  all  bodies  contain  it  in  their  compofition,  though  it  may  not 
fenfibly  affect  the  temperature.  To  heat  under  this  form,  he  gives 
the  name  of  abfolute  heat ;  and  to  heat  which  is  diffufed,  the  name 
of  relative  or  fenfible  heat. 

In  order  to  meafure  the  proportional  quantities  of  abfolute  heat 
which  different  bodies  contain,  it  is  neceflary  to  remark,  that  when 
equal  quantities  of  a  homogeneous  fluid,  at  unequal  temperatures,  are 
mixed  together,  the  mixture  is  found  to  be  an  exaft  mean  betweeu 
the  two  extremes.  This  remark  is  more  fully  explained  in  the  note 
upon  thermometers  :  But  wheu  the  fluids  are  of  different  kinds,  the 
temperature  of  the  mixture  approaches  neareft  to  that  which  con- 
tains the  largeft  proportion  of  abfolute  heat.  Nor  does  the  quan- 
tity 
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tion.  Bacon  fuppofed  that  it  was  owing  to  the  colli- 
fion  of  the  laft  molecules  of  bodies  on  one  another.  M. 
Macquer,  who  admits  his  opinion,  thinks  it  well  fup- 
ported  by  the  following  facts. 

I.  The  motion  which  is  conftantly  produced  from 

heat, 

Mty  of  heat  feem  to  be  proportioned  to  the  denfity  of  the  fluid. 
Mercury,  which  is  the  denfeft  of  all  fluids,  contains  lefs  heat  than 
water.  The  truth  of  this  may  be  proved  by.  various  experiments. 
If  veffels  of  mercury  and  water  be  placed  before  a  fire,  the  mercury 
will  reach  its  temperature  before  the  water.  If  both  be  raifcd  to 
the  fame  temperature,  and  a  folid  body  immerfed  into  them,  the 
water  will  impart  a  larger  quantity  of  heat  than  the  mercury  :  or 
if  equal  quantities  of  water  and  mercury  be  mixed  together,  the 
temperature  will  come  out  nearer  to  the  heat  of  water.  This  kind  I 
of  meafurement  furnifhes  a  mode  of  eftimating  the  proportional 
quantities  of  abfolute  heat  in  different  bodies ;  fo  that  if  water  be 
employed  as  a  ftandard,  we  may  be  enabled  to  compare  them  in 
this  refpect.  Dr  Crawford  actually  did  fo  ;  and  the  refult  of  all  his 
trials  was,  that  bodies  which  contain  a  large  portion  of  phlogifton, 
admit  a  fmall  quantity  of  abfolute  heat  :  on  the  contrary,  that  bo- 
dies which  have  a  great  capacity  for  abfolute  heat,  contain  but  little 
phlogifton  ;  or  if  bodies  be  deprived  of  their  phlogifton,  and  redu- 
ced into  another  form,  then  their  capacity  for  heat  is  increafed. 
Thus,  when  regulus  of  antimony  is  deprived  of  its  phlogifton,  and 
reduced  by  calcination  to  the  ftate  of  diaphoretic  antimony,  it  nearly 
triples  its  capacity  for  heat.  The  fame  change  takes  place  between 
crocus  marti3  and  iron.  In  fhort,  the  fact  is  univerfally  true,  what- 
ever be  the  nature  of  the  fubftance.  Aerial  vapours  are  affected  in 
the  fame  manner.  Air  fpoiled  by  phlogifton  poffeffes  very  little 
heat;  on  the  contrary,  dephlogjifticated  airfhows  a  moft  prodigious 
quantity.  Upon  thefe  facts  Dr  Crawford  formed  a  conjecture,  that 
phlogifton  and  heat  were  two  diftinct  fubftances,  whofe  prefence  in 
the  fame  body  atone  time  is  quite  incompatible ;  and  that  whenever 
the  one  enters,  the  other  is  expelled.  He  illuftrates  this  doctrine 
from  the  phenomena  obfervable  in  metallic  fubftances.  Metals  are 
calcined  in  confequence  of  a  double  elective  attraction,  which  in- 
duces the  metal  to  part  with  its  phlogifton  to  the  air,  while  the  air 
in  return  communicates  he3t  to  the  metallic  calx.  In  confirmation 
of  this,  we  know  that  the  quantity  of  metal  calcined  bear3  an  exatt 
proportion  to  the  bulk  of  the  air.  The  appearance  of  combuftioh 
of  inflammable  fubftances  is  of  the  fame  nature.  All  iuflammnble 
bodies  contain  a  large  quantity  of  phlogifton  in  their  compofition, 
which  adheres  but  loofely.  Dephlogifticated  air  contains  abfolute 
heat,  and  has  a  ftrong  attraction  for  phlogifton.    In  the  act  of 
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heat  •  as  we  obferve  betwixt  two  folids,  as  ftone  and 
iron  ;  betwixt  a  folid  and  a  liquid,  as  lime  and  water  ; 
betwixt  two  liquids,  as  water  and  oil  of  vitriol ;  between 
two  gafes,  marine-acid  gas,  and  alkaline  gas. 

2.  That  it  is  always  in  proportion  to  motion. 

3.  The  bodies  which  are  the  molt  fufceptible  of  mo- 
tion, are  thofe  which  are  the  molt  quickly  heated. 

From 

combuflion  the  Inflammable  body  is  confumed,  impregnating  the 
air  with  phlogifton,  while  its  own  refiduum -poffeffes  a  mush  greater 
capacity  for  heat.  Accordingly  you  find  the  combuftion  of  ful- 
pbur  contaminate  the  air,  and  prefent  the  vitriolic  acid  impregnated 
with  more  abfolute  heat.  On  fome  cccafions  a  moft  intenfe  f  enable 
heat  is  produced  ;  on  others,  it  is  moderate.  The  difference  artfes 
from  the  nature  of  the  vapours  which  the  inflammable  bodies  emit. 
When  the  vapour  is  inconfiderable,  and  the  refiduum  is  unable  to 
abforb  the  whole  heat  which  the  air  depofits,  the  remainder  muft  be 
diffufed  around  in  the  form  of  fenfible  heat,  by  a  kind  of  chemical 
precipitation  :  but  when  the  vapours  of  the  inflammable  body  are 
able  to  abforb  the  whole  heat  which  the  air  contains,  then  the  fea- 
fible  heat  is  extremely  fmall.  In  the  combuftion  of  fpirit  of  wine, 
the  aqueous  vapour  abforbs  almoft  the  whole  abfolute  heat  of  the 
air,  fo  that  the  heat  of  the  flame  is  hardly  to  be  felt.  But  in  phof- 
phorus  the  heat  is  moft  intenfe,  becaufe  there  is  nothing  but  a  fmall 
quantity  of  acid  to  carry  it  off.  The  appearance  of  flame  he  attri- 
butes to  the  extrication  of  a  large  quantity  of  fenfible  or  moving 
heat ;  and  through  the  whole  effay,  fire  feems  to  be  employed  aa  a 
term  fynonymous  to  abfolute  heat. 

The  opinion  which  M.  Lavoifier  entertains  upon  the  fubjed  of 
inflammation  is  materially  different  from  the  fentiments  of  the  other 
two  gentlemen,  and  goes  to  the  total  fubverfion  of  all  Stahl's  dif- 
covcries  concerning  phlogifton.  M.  Lavoifier  obferves,  that  inflam- 
mable bodies  burn  in  one  fpecies  of  air  only  ;  to  which  he  gives  the 
name  of  pure  air  or  air  eminently  refpirabie.  In  all  other  kinds  of 
air,  combuftion  is  impracticable  ;  and  whenever  it  takes  place  at 
all,  a  portion  of  the  air  is  loft,  and  the  inflammable  body  acquires 
an  addition  of  weight,  which  exactly  correfponds  to  the  quantity  of 
air  miffing.  One  grain  of  Kunckel's  phofphorus  requires  16  cubic 
inches  of  air  for  its  combuftion,  and  acquires  1^  grains  of  additional 
weight  by  its  converfion  into  the  acid  of  phofphorus.  A  fimilar 
change  obtains  iu  the  combuftion  of  fulphur;  nor  is  it  poffible  to  fet 
folphur  on  fire,  unlefs  tnere  be  a  conftant  circulation  of  pure  air. 
He  obferves  alfo,  that  the  fame  circumftances  are  rcquifite  iu  order 
t«  effed  the  calcination  of  metallic  fubftances,  and  that  every  calx 
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From  this  theory  it  is  eafy  to  conceive,  i.  Why  a 
body  when  long  heated  becomes  luminous  :  the  reafon 
is,  becaufe  the  light  is  then  moved  in  dired  lines  to- 
wards our  eyes.  2.  Why  a  body  may  be  hot  without 
being  luminous  :  in  this  cafe  the  motion  is  too  final], 

or 

is  heavier  than  the  metal  from  which  it  was  produced.    Ia  every 
cafe,  therefore,  a  lofs  of  air  is  obfervable  ;  which  can  have  gone  no 
where  but  into  the  calx,  or  into  the  remains  of  the  cornbuftible  body. 
Accordingly  M.  Lavoifier  endeavours  to  recover  it  from  them  in  it3 
primitive  purity.    He  chofe  to  make  his  trials  upon  mercury,  as  this 
metal  calcines  eafily,  and  may  be  revived  without  addition.  During 
the  calcination  the  mercury  abforbs  a  quantity  of  pure  air,  which  in- 
creafes  its  weight,  and  remains  united  to  it  fo  long  as  the  mercury 
retains  the  form  of  a  calx.  Upon  the  application  of  an  intenfe  heat, 
this  air  is  expelled  of  the  fame  purity  in  which  it  entered,  and 
exactly  in  the  fame  quantity.    By  this  feparation  the  mercury  is 
revived.    F  rom  all  thofe  appearances,  M.  Lavoifier  infers  that 
mercury  precipitate  per  fe,  is  a  combination  of  mercury  with  pure 
air.    He  applies  the  fame  hypothefis  to  explain  the  converfion  of 
fulphur  into  vitriolic  acid,  and  thinks  himfelf  able  in  fome  cafes  to 
difengage  all  the  air  from  its  confinement.    This  feparation  takes 
place  when  the  metallic  fait  formed  by  the  union  of  mercury  with 
vitriolic  acid  is  expofed  to  heat  in  a  retort.    Some  volatile  fulphu- 
reous  vapour  firft  arifes:  this  is  followed  by  a  quantity  of  pure  air, 
while  the  mercury  is  revived  completely.    The  production  of  all  the 
elaftic  fluids  muft  therefore  depend  upon  the  decompofition  of  the 
vitriolic  acid,  fince  the  mercury  remains  unchanged  ;  fo  that  M. 
Lavoifier  difcovers  the  integrant  parts  of  vitriolic  acid  by  means  of 
th(s  procefs.    The  volatile  fulphureous  acid,  which  rifes  firft,  it 
nothing  but  a  portion  of  the  vitriolic  acid,  deprived  of  fome  pure 
air  which  ftill  adheres  to  the  mercury.    According  to  this  doftrine, 
mercury  and  fulphur  are  fimple  fubftances ;  and  not  a  mixture  of 
phlogifton  with  fome  material  bafis,  as  Dr  Stahl  fuppofed.  But 
M.  Lavoifier  nowhere  perceives  the  fmallefl  veftige  of  phlogifton, 
nor  does  he  admit  of  its  exiftence;  and  all  the  phenomena  which 
are  faid  to  indicate  the  motion  of  phlogifton  from  one  body  to  ano- 
ther, he  explains  upon  other  principles.    In  place  of  admitting  that 
inflammable  bodies  burn  during  combuftion,  M.  Lavoifier  afferts, 
that  pure  air  is  the  only  combuflible  body  in  nature;  that  the 
bodies  commonly  faid  to  be  cornbuftible  acquire  weight,  while  the 
pure  air  is  decompofed  into  its  integrant  parts.    In  all  cafes  of 
combuftion,  this  air  unites  with  the  bodies  commonly  called  com- 
lujlible.   In  moft  inftances  it  forms  an  acid.  With  fulphur,  vitriolic 
is  formed  ;  with  phofphorus,  phofphoric  acid  }  with  arfenic,  arfrni- 
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©r  the  form  of  the  molecules  of  the  body  is  not  fuited 
to  refleft  the  rays  in  direft  lines.  3.  How  a  body  may 
be  luminous  without  heat,  when  the  form  of  the  mole- 
cules is  fuch  that  they  can  reflect  the  rays,  as  the  phof- 
phori.  4.  That  the  light,  by  its  motion,  may  even  ex- 
cite heat ;  and  that  if  the  body  of  rays  is  quickly  united, 
as  we  obferve  takes  place  in  the  focus  of  convex  lenfes, 
the  heat  will  be  the  moft  intenfe  which  human  power  is 
able  to  produce;  whilft  thole  rays,  when  difperfed  thro* 
the  atmofphere,  will  only  produce  a  feeble  heat  in  con- 
fequence  of  their  extreme  tenuity, 

'    LECTURE  IV, 

§3.0/"  RarefaBlon. 

The  third  effect  of  fire,  which  falls  next  to  be  confi- 
dered,  is  the  rarefaction  of  bodies.  At  firft  view  this 
rarefaction  feems  to  fuppofe  the  entering  of  fome  fub- 
ltance  into  the  fmall  cavities  of  the  rarefied  bodies ;  in 

that 

cal  acfd.  It  mud  therefore  contain  fome  acid-making  principles  in 
i:s  conftitution,  which  communicates  acidity  to  all  bodies,  and  is 
the  only  bafis  of  acidity.  This  is  the  bafis  of  M.  Lavoiiier's  hy- 
pothetic:  He  conje&ures,  that  pure  air  is  compofed  ef  this  acid- 
making  or  oxygenous  principle  united  to  the  matter  of  heat;  that 
in  every  inftancc  of  combuflion,  the  oxygenous  bafis  unites  with 
the  fimple  body,  while  the  matter  of  fire  is  fet  free  and  becomes 
fenfible.  M.  Lavoifier  has  the  modefty  to  offer  this  theory  as  a 
conjecture,  which  he  is  not  yet  able  to  fupport  by  any  pofitive  de- 
monflration.  In  fome  parts  it  is  not  fo  completely  made  out,  as  to 
be  quite  intelligible  to  the  reader  without  an  appearance  of  in- 
coniittency.  With  regard  to  the  production  of  aerial  acid,  in  one 
place  he  fays  that  it  arifes  from  the  combination  of  pure  air  and 
charry  matter;  in  another,  from  the  combination  of  pure  air  with 
inflammable  air;  and  in  a  third,  with  the  matter  of  heat.  When  he 
fays  that  the  volatile  fulphureous  acid  and  pure  air  proceed  from 
the  decompofition  of  vitriolic  acid,  he  never  attempts  to  produce 
virriolic  acid  by  their  union  ;  befules,  in  this  diftillation,  fome  aerial 
acid  is  produced,  which  M.  Lavoifier  does  not  account  for.  What 
degree  of  credit  this  new  fyftem  fliall  meet  with  from  the  public, 
time  alone  can  determine;  in  the  mean  time  it  was  thought  ne- 
ccflary  to  give  a  fhort  fketch  of  it  in  a  note,  as  M.  Fonrcroy  makes 
frequent  allufions  to  it  in  the  courfc  of  his  Icftures. 
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that  cafe  the  fubfhnce  would  act  as  wedges,  which 
would  disjoin  and  feparate  their  molecules.  But  on  re- 
flecting that  a  body  rarefied  by  heat,  has  acquired  no 
abfolute  weight,  and  that  its  fpecific  weight  is  dimini fil- 
ed, we  very  well  conceive  that  rarefaction  confifts  only 
in  a  fimple  feparation  of  the  parts  of  the  hot  body, 
whofe  pores  are  then  enlarged,  fo  that  they  contain 
more  void  and  fewer  folid  parts  in  a  given  fpace  than 
before. 

Boerhaave,  who  has  confidered  the  effecls  of  fire  as 
a  natural  philofopher  rather  than  a  chemift,  has  efta- 
blifhed  three  laws  of  rarefaction. 

Firft  Law.  That  all  bodies  are  dilated  by  heat.  This 
law  is  not  fo  general  as  he  has  imagined ;  fince  all  or- 
ganic matters  are  contracted,  and  clay  cracks,  by  the 
action  of  the  fire.  Some  bodies  too  are  expanded  by 
cold.  Mr  Leurs  has  made  the  fame  obfervation  on 
gold. 

Second  Law.  Bodies  are  dilated  in  all  their  dimen- 
jions.  The  elongation  of  a  bar  of  iron  when  heated, 
the  pyrometer,  and  the  ring  into  which  a  cylinder  of 
metal  when  it  is  red  hot  can  no  longer  pafs,  are  decifive 
proofs  of  this  law. 

Third  Law.  Dilatation  is  in  the  direct  ratio  of  the 
rarity  of  bodies,  or  the  inverfe  of  their  denfity.  In  or- 
der to  eftablifh  this  third  law,  Boerhaave  has  compared 
the  effect  of  heat  upon  three  folid  bodies  only,  but  very 
different  from  one  other,  fuch  as  wood,  flone,  and  me- 
tal. M.  Buffon,  however,  repeating  the  experiment 
on  a  great  number  of  different  folids  heated,  has  proved 
that  heat  expands  them  in  the  ratio  of  the  alteration 
which  they  fuffer  by  fire  ;  that  is,  the  ftones  in  the  ratio 
of  their  calcinability,  and  the  metals  in  the  ratio  of 
their  fufibility.  Boerhaave,  who  extended  this  law 
even  to  the  fluids,  has  determined  its  influence  upon 
air,  fpirit  of  wine,  and  water  only.  If  he  had  taken 
mercury  to  compare  its  rarefaction,  he  would  not  have 
made  the  law  fo  general  as  he  has  done.    This  metallic 
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fubfrance,  though  much  more  denfe  than  fpirit  of 
wine  or  water,  expands  itfelf  more  than  thefe  two  fluids. 
This  proves  that  it  is  neither  the  inflammability  nor  the 
fufibility  of  fluids  which  determines  the  degree  or  the 
celerity  of  their  rarefaction  by  heat. 

Befldes  the  laws  of  rarefacYion  which  heat  produces, 
it  is  eflential  to  know, 

i .  That  bodies,  in  pafling  from  the  folid  to  the  fluid 
fiate,  always  produce  cold  ;  as  the  falts  when  they  are 
diffblved  in  water,  and  ether  when  it  evaporates. 
2.  That  fluids,  which  are  fufceptible  of  pafling  to  a 
concrete  ftate,  grow  warm  as  they  become  folic! :  thus 
water  which  is  plunged  into  a  veflel  of  ice,  never  pro- 
duces fo  great  a  degree  of  cold  as  fpirit  of  wine  plunged 
into  the  fame  veflel  (b). 

4- 

(*)  The  degrees  of  beat  are  meafured  by  an  inftrument  called 
the  thermometer ;  which  is  made  in  this  way.  A  fmal!  quantity  of 
fome  unelaftic  fluid  is  confined  within  a  glafs  tube,  where  the  fluid, 
rifing  or  falling  with  every  increafe  or  diminution  of  heat,  indicates 
the  change  with  great  accuracy.  Thofe  variations  are  rendered 
more  perceptible  by  means  of  a  bulb  blown  at  one  end  of  the  tube, 
which  augments  the  mafs  of  matter,  while  the  area  of  the  tube,  in 
the  direction  of  which  all  expanfions  are  determined,  continues  inva- 
riably of  the  fame  fize.  Such  a  form  is  of  great  advantage,  as  the 
augmentation  of  bulk  would  oftentimes  be  altogether  infenfible, 
were  the  fluid  permitted  to  expand  equally  in  every  direftion.  We 
have  an  example  of  this  in  a  mafs  of  iron  or  other  folid  body,  whofe 
alteration  of  fize,  when  condenfed  by  the  cold  of  fnow,  or  dilated  by 
the  red  heat  of  a  furnace,  requires  fome  mechanical  contrivance  to 
make  it  obvious,  It  is  indeed  true,  that  folids  do  not  expand  fo 
much  as  fluids,  and  are  upon  both  accounts  lefs  proper  for  the  con- 
ftniftion  of  thermometers.  Every  degree  of  heat  has  a  correfpond- 
ing  point  on  the  tube  of  the  thermometer,  at  which  the  fluid  re- 
mams  flationary,  and  to  which  it  always  returns  in  equal  heat. 
Thofe  points  are  marked  from  the  phenomena  which  occafion  them, 
as  the  heat  of  melting  fnow,  the  heat  of  boiling  water.  The  inter- 
val between  thefe  two  points  is  divided  into  a  fcale  of  equal  parts  ; 
the  number  of  which  is  variable  according  to  the  pleafure  of  the 
conittnetor:  and  provided  we  be  thoroughly  acquainted  with  the 
extremities  of  the  fcale,  we  can  readily  compare  thermometers  of 
all  conftruciions  with  one  another.  Here  a  queftion  occurs,  Whe- 
ther or  not  fuch  degrees  of  a  fcale  indicate  equal  differences  of  heat  ? 

They 
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§  4.  Of  the  Aclion  of  Heat  confidered  chemically. 

The  utmoft  expanfion  which  heat  produces,  is  en- 
tirely to  feparate  the  molecules  of  bodies,  to  diminilh 
the  force  of  their  aggregation,  and  confequently  to  fa- 
cilitate that  of  their  combination  according  to  one  of 
the  laws  of  affinity.  By  this  effect  then,  heat  is  very- 
ufei  ul  to  the  chy mills  who  employ  it  with  fuccefs. 

The 

They  clearly  mark  equal  degrees  of  expanfion,  with  which  general 
effect  of  heat  molt  authors  have  confounded  its  abfolute  quantity. 
B;it  heat  and  expanfion  are  two  very  different  things,  and  ought  to 
be  diftlngu:fh.  d  from  each  other.  The  investigation  is  extremely 
curious,  and  may  be  brought  to  the  left  of  experiment  in  the  fol- 
lowing way.  Two  equal  quantities  of  water  of  different  tempera- 
tures, will  upon  mixture  give  an  exact  arithmetical  mean  between 
the  extremes.  It  is  impofiible  they  can  do  otherwife.  For  as  the 
hotter  has  all  the  heat  of  the  cooler,  and  fo  much  more,  it  mult 
part  with  a  portion'of  the  excels;  and  the  difference  being  distri- 
buted over  a  double  mafs,  will  lofe  one  half  of  its  heat,  and  give  a 
mixture  of  mean  temperature.  If  the  one  quantity  of  water  be 
double  the  other,  the  excefs  being  dittributed  over  three  times  the 
mafs,  will  reduce  the  difference  to  one-third  ;  and  fo  on  of  other 
proportions.  When  a  feries  of  thefe  mixtures  is  made,  and  thermo- 
meters are  immerfed  into  each  of  them,  we  find  that  the  expanfions 
of  the  fluids  do  not  correfpond  with  the  heats  of  the  mixtures. 

All  fluids  expand  in  an  increafing  feries ;  that  is,  by  equal  incre-  • 
ments  of  heat,  their  expanfions  are  the  greater  as  the  l'cale  riles 
high.  Water  is  very  remarkable  in  this  refpect.  The  expanfion 
of  mercury  approaches  neareft  to  the  arithmetical  progreflion  of 
heat.  M.  de  Luc  of  Geneva,  who  made  many  ingenious  experiments 
upon  this  fubject,  found  that  oil  flood  next  to  mercury  in  the  regu- 
larity of  its  expanfions.  Oil  varies  as  much  from  mercury  as  mer- 
cury does  from  the  regular  increments  of  heat;  and  upon  this  prin- 
ciple he  conftructed  a  fcale  of  an  equidifferential  thermometer  to 
meafure  equal  degrees  of  heat ;  but  as  the  detail  of  the  procefs  is 
too  long  to  infert  here,  I  muff  refer  to  the  original  writings  of  the 
author.  Thefe  remarks  fhow  what  fervice  thermometers  are  quali- 
fied to  perform,  and  what  we  ought  to  expect  from  them.  The 
next  object  is  to  afcertain  a  fixed  and  determined  point  of  heat, 
which  ihall  be  invariably  the  fame  in  all  thermometers,  and  may 
fcrve  to  adjuft  them  to  one  another.  The  heat  of  melting  fnow  is 
commonly  employed  for  this  purpofe  ;  and  provided  the  thermome- 
ter be  immerfed  in  the  water  which  furrounds  melting  fnow,  it  will 
always  rife 'to  a  certain  height,  as  the  heat  is  conftantly  the  fame. 
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The  a&ion  of  heat,  confidered  under1  the  laft  point 
of  view,  that  is,  as  tending  to  diminifti  aggregation,  and 
ro  favour  combination,  is  modified  in  four  ways,  ac- 
cording to  the  nature  of  the  bodies  upon  which  it  is 
Vol.  I.  G  exerted: 

But  the  heat  of  boiling  water,  the  other  ftandard  point,  is  not  fo 
unalterable,  being  affe&ed  by  the  preflure  of  the  atmofphere,  which 
ia  continually  varying.    Thefe  variations  admit  of  comftions,  of 
which  M.  de  Luc  has  given  a  table  j  and  when  all  circumftances  are 
taken  into  account,  the  boiling-point  may  be  found  with  ereat  ac- 
curacy.   In  this  way  thermometers  may  be  made  at  the  mcfl .  iftant 
places,  which  (hall  perfectly  tally  with  each  other.   We  have  already 
feen  that  mercury  expands  with  more  regularity  than  other  fluids  ; 
and  for  that  reafon  deferved  to  be  preferred,  as  approaching  more 
nearly  to  a  true  meafure  of  heat.  It  can  alfo  be  more  perfectly  purged 
of  air,  which  circuiiiftance  alone  is  of  great  confequence  :  for  little 
bubbles  of  air  collecting  at  the  commencement  of  the  tube,  prevent 
the  regular  rife  of  the  liquor;  befides,  the  prefence  of  air  promotes 
the  formation  of  Vapours.    Then  mercury  is  adapted  for  meafuring 
great  degrees  of  heat  better  than  any  other  fluid.    Nt-xt,  though 
itfelf  the  denfeft  fluid,  it  conforms  readily  to  the  variations  of  heat. 
Laftly,  it  can  always  be  had  uniform,  fo  that  all  the  intervals  be- 
tween two  points  will  correfpond  in  a  mercurial  thermometer;  which 
is  not  the  cafe  with  thofe  made  with  fpirit  of  wine,  and  with  fome 
other  liquors*    But  with  all  thofe  advantages  mercury  cannot  mea- 
fure the  fame  intenfe  cold  with  redified  fpirit  of  wine,  which  never 
has  been  frozen.    And,  with  regard  to  extreme  heats,  all  thermo- 
meters on  this  conftru&ion  are  entirely  ufelefs.    Sir  Ifaac  Newton 
endeavoured  to  fupply  this  defecl  by  calculation.    He  expofcd  i 
mafs  of  red-hot  iron  to  a  ftream  of  cold  air;  and  marking  the  pro» 
grtfs  of  cooling  when  an  oil  thermometer  could  be  applied,  he  com- 
puted the  extreme  heat  it  had  endured  when  hrft  taken  out  of  the 
furnace.    Yet  however  ingenious  this  method  may  appear  to  philo- 
fophers,  it  was  inapplicable  in  pradice,  and  would  be  liable  to  er- 
ror, if  the  progrefiion  of  cooling  in  the  higher  and  lower  decrees  o( 
heat  were  not  the  fame.    Nothing  is  more  defirable  than  a  p^raaical 
meafure  of  the  higher  degrees  of  heat,  which  are  ceceffary  in  fo 
many  arts  in  which  it  is  often  effrntial  to  afcertain  the  intenfity  of  the  ' 
heat  with  great  prec.fion.    This  is  the  cafe  in  all  the  manufadures 
of  oaked  earthen  ware.  The  quality  depends  on  the  violence  of  the 
fire.    M.  Wedgewood,  who  was  fenfible  of  the  importance  of  this 
propofes  to  employ  the  contradion  of  clay  to  meafure  the  heat.  He 
finds  that  the  clay  he  employs,  of  which  he  gives  an  accurate  ana- 
lyfis,  begins  to  contrad  in  a  red  heat;  and  that  by  the  (trongeftnre 
uatn  \  a     lti,ontrafti  one- fourth  of  its  original  dimenfion  in  an 
unbaked  ftate.  The  clay  i8  formed  into  fmall  parallelopepids,  cut  to 

one 
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exerted  :  i.  Where  it  does  not  alter  them  in  any  fhape, 
it  only  dilates  them.    Bodies  of  this  nature  are  unal- 
terable 

one  fize  by  means  of  a  gage.  They  are  next  fired  in  a  low  red  heat ; 
after  which  they  are  fit  for  ufe.  One  of  them  is  expofed  to  the  heat 
intended  to  be  meafurcd,  and  the  intenfiiy  eftimand  by  the  degree 
of  contraction.  A  fcale  is  applied  to  mcafure  the  contraction  ;  and 
as  it  is  the  property  of  clay  never  to  expand  af:cr  contraftine  from 
heat,  we  have  rcafon  to  confide  in  the  measurement.  Mr  Wedge- 
wood  divides  his  fcale,  from  the  ln;at  at  which  clay  begins  to  contract, 
to  the  greateft  which  he  was  able  to  produce,  into  160  degrees.  He 
found  copper  melt  at  27°,  filver  at  280,  gold  at  320,  call-iron  at 
130°,  iron  run  down  among  the  fuel  1500;  yet  we  find  that  all 
thofe  degrees  are  called  a  white  heat  merely  without  any  difcrimina- 
tion.  It  would  be  needlefs  to  fay  more  upon  this  improvement,  till 
farther  experiments  (hall  confirm  its  life  ;  and  even  with  it  in  perfec- 
tion, we  (hall  ftill  want  fome  contrivance  to  fupply  the  interval  be- 
tween the  common  thermometer  and  this  new  one.  We  fhall  finifh 
this  account  of  thermometers,  by  fuhjoining  the  following  TABLE 
of  the  real  quantities  of  heat,  correfponding  to  the  variation  of  the 
mercurial  thermometer,  whofe  fcale  is  divided  into  80  equal  parts, 
between  the  points  of  boiling  water  and  of  melting  fnow. 


Mercurial  Thermometer.      Real  Heats. 


Boiling  Water 


Mch«ng  Snow 


Real  differences  of  the 
heat,  correfponding  to 
the  variations  of  the 
mercurial  thermome- 
ter, of  5  in  5  degree?.' 


80 

80,00 

4»72 

75 

75»28 

4.72 

70 

70,56 

4.79 

65 

65>77 

4,8r 

60 

60,96 

4,81 

55 

56>'5 

4,89 

5° 

51,26 

4-89 

45 

46,37 

4.97 

40 

41,40 

5,00 

35 

36,40 

5,c8 

30 

3!<32 

5,10 

25 

26,22 

5,10 

20 

21,12 

5,18 

15 

15,94 

5,20 

10 

10,74 

5>3« 

5 

5>43 

5>43 

0 
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terable  and  apyrous,  as  rock  cryftal  ;  but  they  are  very 
few  in  number.    2.  Where  it  deftroys  the  aggregation, 
and  converts  them  from  a  folid  into  a  fluid.    This  phe- 
nomenon is  named  fufion  ;  the  bodies  which  undergo 
it  are  fufible.    There  are  different  degrees  of  lufibility, 
from  that  of  platina  down  to  that  of  mercury.  This 
fufibility,  when  urged  to  extreme,  is  volatilifation.  A 
body  is  volatilifed  when,  by  a  great  rarefaction,  it  is 
converted  from  a  liquid  ftate  to  that  of  an  aeriform  fluid. 
Being  then  lighter  than  the  atmofpheric  air,  it  afcends. 
g.  Bodies  fufceptible  of  this  property  are  called  volatile  ; 
thofe  which  do  not  poffefs  ix^  fixed.    Many  degrees  of 
heat  intervene  between  abfolute  fixity  and  abfolute  vo- 
latility.   It  is  neceffary  to  diftinguifh  this  real  volatility 
from  that  which  is  but  apparent,  and  which  happens 
only  in  confequence  of  the  motion  communicated  to 
bodies  by  the  current  or  flame  of  vapours,  as  that  of 
flowers  of  zinc.    If  heat  aft  upon  a  body  compofed  of 
two  principles,  the  one  of  which  is  volatile  and  the  other 
fixed,  it  produces  a  reparation  by  volatilifing  the  firft.. 
This  body  will  be  decompofed,  but  without  alteration  ; 
for  we  can  reftorc  it  by  uniting  the  two  principles. 
This  will  be  a  true  and  fitnple  analyfis.    The  bodies 
upon  which  heat  produces  this  effect  are  capable  of 
decompofition,  without  fuffering  alteration.    4.  If  the 
bodies  which  we  heat  are  compofed  of  feveral  volatile 
and  fixed  principles,  the  volatile  principles  unite,  the 
fixed  combine  alio  ;  but  the  decompofition  is  fucfa,  that 
the  products  united  anew  with  the  refiduum  cannot  re- 
produce the  firft  compound.  This,  the  n,  is  a  faifeor  com- 
plicated analyfis.    The  bodies  upon  which  heat  acts  in 
this  manner  fuffer  an  alteration  in  thei'r  decompofition. 
In  confequence  of  this  various  action  of  heat,  chemitts 
employ  it  to  perform  calcinations,  fufions,  diftillations, 
fublimations ;  the  theory  of  which  is  founded  entirely 
upon  the  different  manner  in  which  heat  acts.  As 
Chemifts  employ  different  degrees  of  heat  according 
to  the  preparations  which  they  intend  to  make,  they 
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have  carefully  diflinguiflird  thefe  degrees  from  one 
another.  They  fix  them  above  and  below  boiling 
waier.  The  inferior  degrees  are  meafured  upon  the 
thermometer :  the  fupcrior  degrees  by  fome  known 
phenomena. 

Degrees  of  heat  inferior  to  boiling  water. 

The  fir  ft  degree  extends  from  5  to  8  of  Reau- 
mur's thermometer.  This  heat  favours  putrefaction, 
vegetation,  flow  evaporation,  &c.  The  fecond  degree 
fixed  at  <  5  continues  to  encourage  putrefaction  ;  it 
raifes  the  fpirituous  fermentation  in  the  fweet  liquids. 
The  third  degree  expends  from  25  to  30,  the  acetous 
fermentation  is  fixed,  the  exficcation  of  plants. 

The  fourth  degree  raifed  to  45  is  called  the  mean 
degree  of  boiling  water  ;  it  diforganifes  animal  matters, 
it  volatilifes  their  effented  oils,  &c. 

Boiling  water  extends  from  80  to  85  degrees  of 
the  fame  thermometer. 

Degrees  of  heat  above  boiling  water. 

The  firft  degree  reddens  glafs,  confumes  organifed 
matter,  fufes  fulphur. 

The  fecond  degree  fufes  the  foft  metals ;  fuch  as 
lead,  tin,  bifmuth,  and  the  fufible  glaffes. 

The  third  degree  fufes  the  metals  of  a  moderate 
hardnefs,  as  zinc,  regulus  of  antimony,  filver  and  gold. 

The  fourth  degree  bakes  porcelaine,  fufes  the  re- 
fractory metals,  fuch  as  cobalt,  copper,  iron,  &c. 

The  laft  degree,  and  the  ftrongelt  of  all,  is  the  burn- 
ing glafs,  which  in  an  inftant  calcines,  fcorches,  and 
vitrifies  all  bodies  that  are  fufceptible  of  thefe  changes. 

§  5.  Of  Phlogipn. 

Beccher,  furprifed  at  the  property  which  fome  bo- 
dies polfels  of  producing  fire  in  action  by  repeated 
motion,  or  by  the  contact  of  bodies  in  ignition,  ima- 
gined that  it  depended  upon  a  particular  principle,  which 
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he  called  inflammable  earth.  Stahl  has  greatly  enlarged 
this  doctrine,  and  thought  that  this  was  the  pure  fire 
inherent  in  all  bodies.  He  has  given  it  the  name  of 
fhlogijlon.  As  it  was  as  impoffible  for  him  to  feparace 
this  principle,  and  detach  and  examine  its  particular 
properties,  as  it  was  for  the  philofophers  to  detnon- 
ftrate  the  nature  of  the  fluid  which  they  called  flre,  he 
fuppofed  the  exiftence  of  phlogifton  to  be  be  proved 
by  the  phenomena  of  combuftion,  and  thought  that 
the  property  which  he  conftantly  found  in  combuftible 
bodies  were  owing  to  it :  he  afcribed  a  perfect  identity 
to  ir  in  all  bodies  in  which  it  exifts  ;  and  he  believed 
that  the  combinations  into  which  it  entered  derived 
from  it  fmell,  opacity,  or  a  deep  colour,  volatility,  fu- 
fibility,  and  above  all  combuftibility.  Thus  the  in- 
odorous, fixed,  refractory,  and  incombuftible  bo- 
dies, acquire  fmell,  volatility,  fufibility,  and  inflamma- 
bility, when  they  were  combined  with  phlogifton. 

Of  this  fort  is  fulphur,  which,  according  to  Stahl,  is> 
formed  of  this  fubftanee  and  the  vitriolic  acid  ;  and  fuch 
are  the  metals  compofed  of  a  particular  earth  and  phlo- 
gifton.  The  principle  is  feparated  during  the  calcina- 
tion of  the  metals,  and  paries  into  the  ftate  of  free  fire. 

We  cannot  but  be  fenfible  that  there  are  many  ob- 
jections to  be  made  to  this  doctrine. 

i.  Without  fecking  to  deny  it  from  the  impoflibrlity 
of  demonftrating  phlogifton,  which  can  no  longer  be 
refufed,  fince  M.  Macquer  has  fubftituted  light  for  it, 
we  obferve,  that  the  properties  attribured  by  Stahl  to 
phlogifton,  do  not  appear  in  many  bodies  in  which  he 
admits  this  principle.  Charcoal,  and  particularly  that 
of  the  refins,  which  he  looks  upon  as  phiogifton  almofl 
pure,  poffefTes  neither  fmell,  volatility,  nor  fufibility; 
it  even  poffeffes  but  a  fmall  degree  of  combuftibility. 
The  diamond,  which  is  very  infufible,  very  fixed,  trans- 
parent, and  free  of  odour,  is  perhaps  the  moft  combu- 
ftible body  known,  fmce  it  confumes  entirely  and  with- 
out refiduura. 

G  3  2.  It 
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2.  It  often  happens,  that  bodies,  in  lofing  phlogifton, 
acquire  the  properties  which  we  generally  afcribe  to  its 
pretence,  and  which  were  even  fcarce  perceptible  before 
it  was  diftipated.  The  metals  in  their  calcination,  for 
the  molt  part,  ailume  a  much  deeper  colour,  as  cobalt, 
mercury,  lead,  iron,  copper. 

3.  In  admitting  with  M.  Macquer  the  light  inftead 
of  the  phlogifton,  we  do  not  fee  how  it  can  be  difen- 
gaged  without  making  its  properties  apparent,  particu- 
larly its  clearnefs  and  brightnefs,  by  which  it  is  always 
diftinguiflied ;  neverthelefs  all  the  metals  are  fufcep- 

tibleoflofingtheir'phlogifton,withoutfuflferingaredheat. 

4.  The  prefence  of  the  light  in  any  of  the  bodies 
which  Stahl  looked  upon  as  containing  phlogifton,  has 
not  been  demonftrated  in  a  decifive  manner. 

Thefe  objections,  to  which  we  might  have  added 
many  more  if  our  object  permitted  us,  and  which  we 
propofe  to  illuftrate  hereafter,  give  to  pneumatic  che- 
miftry,  which  feveral  chemifts,  and  particularly  the  late 
M.  Bucquet,  have  adopted,  an  advantage  over  phlogi- 
fton, though  perhaps  it  would  be  dangerous  to  cfteem 
this  doctrine  as  demonftrated,  and  to  reject  the  doctrine 
of  Stahl.  In  order  to  give  a  general  idea  of  this  new 
theory,  which  we  call  pneumatic,  it  is  enough  to  add, 
that  it  is  abfolutely  the  inverfe  of  that  of  Stahl. 

\ .  According  to  this  doctrine,  the  phlogilticated  bo- 
dies of  Stahl  are  fubftances  which  have  a  very  great 
tendency  to  unite  with  the  air  \  a  tendency  which  in 
general  conftitutes  combuftibility. 

2.  All  the  inftances  in  which  Stahl  thought  the 
phlogifton  difengaged,  difplay  only  combinations  with 
pure  air  :  Such  are  combuftion  and  calcination. 

All  thofe  inftances,  on  the  contrary,  in  which  the 
doctrine  of  Stahl  fuppofes  the  phlogifton  to  form  a  com- 
bination, mow  the  difengagement  of  the  air  according 
to  the  pneumatic  theory.  Such  are  the  reduction  of 
the  metals,  the  decompofition  of  the  acids  by  combu- 
ftible  bodies. 

4' 
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4.  All  the  .bodies  which  Stahl  fuppofes  to  be  com- 
pounds containing  phlogifton,  are  looked  upon,  ac- 
cording to  this  doctrine,  as  fimple  fubltances,  which 
have  a  great  affinity  with  pure  air.  In  the  hiitory  of 
the  air,  of  the  acids,  and  particularly  of  the  metals,  a 
more  particular  illuftration  of  this  fubjefl:  will  be  given  ; 
and  we  will  take  great  care  in  comparing  fully  thefe 
two  theories,  in  order  to  explain  the  advantages  and  dis- 
advantages of  each. 

LECTURE  V. 

Art.  2.  Examination  of  the  properties  of  Air. 

AIR,  according  to  philofophers,  is  an  in  viable,  pon- 
derous, elaftic,  and  fpungy  fubltance.  It  en- 
circles our  globe  to  a  certain  height,  and  is  called  the 
atmofphere.  Notwithftanding  its  invifibility,  its  exift- 
ence  is  proved  from  the  refinance  which  it  gives  to  the 
motion  of  bodies  by  its  weight,  and  from  the  currents 
which  we  obferve  in  it.  For  underltanding  it  proper- 
ly, we  think  it  neceffary  to  examine  its  properties,  phy- 
fical  and  chemical. 

§  t.  Vhyfical  properties  of  Air. 

Air  is  invifible,  in  confequence  of  its  perfect  tranf- 
parency.  The  atmofphere,  formed  of  an  enormous 
mafs  of  air,  appears  blue.  The  air  is  fluid ;  its  malTes 
are  removed,  and  form  the  winds.  Its  fluidity  is  fo 
pflcntial  to  it,  that  no  degree  of  cold  has  ever  been  able 
to  deftroy  it.  The  air  has  tafte :  new-born  animals, 
and  the  {kin  covered  by  the  epidermis,  are  Angularly 
ienfible  of  its  contact ;  habit  by  degrees  renders  this 
feeling  imperceptible. 

The  air  has  weight.  This  is  proved  by  thefe  phe- 
nomena. 

1.  It  refills  bodies  in  morion  ;  and  this  refifliance 
increafes  in  the  duplicate  ratio  of  the  velocity  of  the 
body  moved. 

G  4  2.  We 
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2.  We  can  weigh  it  in  a  balloon,  and  compare  its 
weight  with  that  of  other  bodies. 

3.  Its  weight  fupports  water  at  the  height  of  32  feet 
in  the  common  pumps.  The  ancients  afcribed  this 
phenomenon  to  the  horror  of  a  vacuum.  Torricelli, 
who  has  the  merit  of  this  nice  difcovery  of  the  air's 
weight,  demonftrated  that  fluids  are  fupported  at  diffe- 
rent heights  according  to  their  denfity,  and  that  mer- 
cury is  lufpended  at  28  inches.  Pafchal,  in  repeating 
the  experiment  in  a  pit  and  upon  a  mountain,  has  con- 
firmed this  theory ;  and  proves,  that  according  to  the 
height  of  the  atmofphere,  the  mercury  mounts  or  de- 
fcends,  and  varies  about  an  inch  in  100  toifes.  This 
is  the  theory  of  the  barometer. 

Air  is  elaftic  and  compreffible.  Philofophers  demon- 
ftrate  this, 

1.  By  the  air-gun. 

2.  By  the  balloon. 

3.  By  the  fountain  of  compreffion. 

It  may  be  reduced  by  compreffion  to  128th  of  its 
bulk- 

The  air  poffefTes  fpunginefs  or  expansibility  :  it  al- 
ways fills  the  fame  fpace  of  a  pneumatic  bell,  although 
it  is  much  diminifhed  by  the  aclion  of  the  pifton.  To 
explain  this,  the  fame  quantity  of  air  occupies  more 
or  lefs  fpace  in  proportion  as  it  is  compreffed  or  rare- 
fied. This  property  makes  the  air,  alter  being  com- 
preffed,  affume  a  greater  volume  than  that  which  it 
had  previous  to  its  compreffion,  as  actually  happens  in 
the  air-gun. 

§  2 .  Chemical  properties  of  Air  (c). 

These  were  the  only  qualities  which  occupied  the 

attention 

(c)  The  air  of  the  atmofphere  is  compofed  of  various  elaftic 
fluids,  every  one  of  which  poffeffes  fpecific  properties,  which  diltin- 
guifti  it  from  the  reft.  A  thorough  knowledge  of  thofe  properties 
enables  us  to  feparate  the  different  airs  from  one  another,  in  order 
to  examine  them  apart.  When  we  do  this,  we  learn  that  the  qua- 
lities. 
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attention  of  natural  philofophers.  Some  chemifts,  at 
whofe  head  Van  Helmont,  Boyle,  and  Hales,  ought  to 
be  placed,  having  perceived  that  in  the  analyfis  of 
many  bodies  fome  air  efcaped,  have  thought  that  this 
fubftance  was  combined  and  fixed  ;  from  whence  the 

name 

litiea,  which  are  commonly  afcribed  to  the  general  mafs  of  air,  do  in 
reality  belong  to  one  particular  fpecies,  and  are  applicable  to  it  only. 
We  learn,  for  example,  that  one-fourth  of  the  air  of  the  atmofphere 
contributes  to  fupport  animal  life  :  the  remainder  is  deftruftive 
and  inftantly  kills.  The  ufeful  portion  of  the  air  therefore  de- 
ferves  our  attention,  to  afcertain  the  eflential  properties  of  it  with 
accuracy.  On  account  of  the  exclufive  power  to  affift  the  refpira- 
tion  of  animals,  M.  Lavoifier  calls  it  eminently  refpirabk  air.  On 
account  of  its  ability  to  fupport  the  combultion  ot  inflammable  bo- 
dies, M.  Scheele  affixes  the  name  of  empyreal  or  fire  air.  Dr  Prieft- 
ly,  from  theoretical  principles,  chooies  the  term  dephlogifticated  air. 
The  property  of  this  air  to  promote  the  combuftion  of  inflammable 
bodies,  is  by  far  the  moft  finking  to  our  fenfes.  To  be  convinced 
of  this,  it  is  only  neceflary  to  immerfe  a  fmall  taper  into  a  veffel 
filled  with  this  air,  when  the  wick  will  inftantly  blaze  Lice  a  flam- 
beau :  the  flame  becomes  larger,  the  light  more  vivid,  and  the  heat 
more  intenfe.  By  means  of  this  air,  bodies  which  had  ccafed  td 
flame  refume  their  luminous  ftate  ;  even  thofe  which  were  apparent- 
ly extinguiftied,  rekindle  without  the  application  of  heat.  It  is  in- 
deed impofiible  to  fet  a  body  on  fire  without  the  prefence  of  fome 
empyreal  air,  though  it  does  not  fecm  material  whether  this  air  be 
quite  pure,  or  mixed  with  other  air  unfit  for  combultion.  If  it  be 
pure,  the  flame  is  luminous  and  the  combultion  rapid  ;  if  it  be  im- 
pure, the  flame  is  dull  and  the  combuftion  flow  :  But  in  all  cafes 
an  equal  quantity  of  materials  is  confumed,  the  iuperior  vivacity  of 
the  inflammation  ferving  to  compenfate  for  the  fliortnefs  of  the 
time.  This  fact  is  well  illuftrated  by  experiments  made  on  Kunckel'g 
phofphorus.  One  grain  of  phofphorus  requires  1 6  cubic  inches  of 
empyreal  air  for  its  complete  inflammation  ;  and  provided  this 
quantity  be  placed  within  reach,  the  phofphorus  will  burn  com- 
pletely away.  The  fame  experiment  proves,  that  the  whole  air  is 
abforbed  by  the  phofphorus,  which  gains  an  accefiion  of  14.  gr.  ia 
weight,  juft  what  16  cubic  inches  of  this  air  ought  to  weigh:  So 
that  empyreal  air  feems  capable  of  entering  into  the  compofition  of 
fohd  bodies.  Perhaps  this  doarine  will  be  more  clearly  eftablilhed 
by  considering  the  phenomena  prefented  in  the  calcination  of  me- 
tals. In  all  cafes  of  calcinatioa,  the  calx  proves  heavier  than  the 
or.ginal  metal  from  which  it  was  prepared.  In  the  cafe  of  mercu- 
nus  pracipnatus  perfe,  the  abforbed  air  can  be  expelled  by  heat  of 

its 
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name  of  fixed  air  firft  came,  which  lias  been  given  to 
that  which  is  obtained  in.  chemical  operations.  Thu'c 
firft  philoibphers  regarded  this  fluid  as  air.  But  Ur 
Prteflk-y  has  found  that  feveral  bodies  pofl'efs  the  phyfi- 
cal  properties  of  this  fluid,  and  yet  differ  from  it  in 
many  refpe&s.    It  is  neceflary  then  actually  to  have 

rccourfe 

its  former  purity,  and  In  full  quantity,  without  fnftaining  lofs.  It 
is  alfo  remarkable,  that  the  quantity  of  empyreal  air  prefent  deter- 
mines the  quantity  of  metal  calcined.  The  ufe  of  this  air  is  equally 
important  in  the  refpiration  of  animals.  Experiments  (how,  that 
fmall  animals  live  longer  in  this  air  than  in  any  other  ;  and  thofe 
whom  curiofity  has  induced  to  breathe  empyreal  air,  find  an  uncom- 
mon hilarity  of  fpirits  after  a  few  infpirations  ;  fo  that  no  doubt  re- 
mains of  empyreal  air  being  one  of  the  great  engines  in  the  chief 
operations  of  nature. 

There  is  another  kind  of  air  very  different  from  this  in  all  its 
charafteritlic  properties.  It  deftroys  animals,  extinguifhes  flame, 
and  prevents  the  calcination  of  metals.  This  air  is  called  fixed  air, 
and  more  recently  has  been  diftinguifhed  by  the  name  of  aerial 
acid,  from  a  certain  refemblance  to  the  common  acids  in  the  effects 
which  it  produces,  though  it  has  never  yet  been  obtained  in  a  con- 
crete form.  But  whatever  may  be  its  true  conftitution,  we  find  ic 
of  great  importance  in  the  oeconomy  of  nature.  Many  of  the 
hardeft  bodies,  all  animal  and  vegetable  fubftances,  contain  a  large 
quantity  of  this  air.  Limdlone,  and  the  alkaline  falts,  owe  near- 
ly one  half  of  their  weight  to  its  pcefence  in  their  compofition  ;  and 
when  it  is  expelled  by  heat,  they  both  of  them  become  cauitic.  It 
is  emitted  in  gi'tat  abundance  from  the  crevices  of  fubterraneous 
cavities,  where  it  forms  what  is  called  the  choak  damp  of  miner. — 
This  choak  damp  floats  at  the  bottom  under  the  common  air,  on 
account  of  a  more  confiderable  fpecific  gravity,  and  in  thi3  way ^  forms 
a  diiHnft  ftratum.  Fermenting  liquors  alfo  emit  large  quantities  of 
it.  It  is  the  feparation  of  this  air  which  communicates  the  fpark- 
Irag  anpearance  to  all  liquors,  and  to  fome  mineral  waters.  The 
impregnation  gives  an  acid  talte  to  water,  which  inftantly  flies  off 
when  it  is  uncovered,  on  account  of  the  volatility  of  the  air.  It  is 
the  prefence  of  this  air  which  enables  water  to  difTolve  the  earths 
and  metals,  a  property  that  water  inftantly  lofes  when  the  air  is 
difpelled.  The  fpecific  gravity,  the  attradion  for  water,  for  alkalis 
and  earths,  diftinguifh  this  aerial  fluid  from  all  others.  Whether  rt 
be  a  true  primitive  fubftance,  or  only  a  compound  of  empyreal  air 
with  fome  other  principle,  is  a  queftion  not  proper  to  dtTcuft  here. 

The  air  next  in  order  may  itfelf  be  fet  on  fire,  and  is  therefore 
very  jultly  termed  inflammable  air.    Like  all  other  inflammables,  it 
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recourfe  to  other  properties,  in  order  to  diftinguifli  air 
from  the  aeriform  fluids.  The  chemical  properties  are 
the  only  means  by  which  its  chara&eriftic  difference 
can  be  eftablifhed. 

Upon  inquiring  what  may  be  the  diftinct  properties 

of 

burns  only  when  it  is  in  contact  with  empyreal  air.  When  pure  or 
mixed  with  fixed  air  it  cannot  be  kindled.  From  its  elalh'c  nature 
it  expands  over  a  wide  fpace,  and  may  have  every  particle  contiguous 
to  a  fufficient  quantity  of  empyreal  air.  In  this  fituation  a  fparkof 
fire  pervades  the  whole  mafs  in  a  moment,  fo  that  the  flame  burfts 
forth  at  once  with  a  violent  explofion.  This  air  is  moft  remarkable 
for  its  levity,  the  fpecific  gravity  of  the  common  atmofpheric  air 
being  above  ten  times  greater. 

Inflammable  air  admits  of  confiderable  varieties,  according  to  the 
nature  of  the  fubftances  from  which  it  is  produced,  and  gives  dif- 
ferent rcfiduums  upon  combuftion;  all  of  which  are  acid,  as  far  as 
has  hern  hitherto  obferved.  Inflammable  air  produced  from  char- 
coal yields  aerial  acid  ;  produced  from  folutions  of  metallic  fub- 
ftances in  the  vitriolic,  nitrous,  or  marine  acids,  it  yields  thofe  re- 
fpective  acids.  ^Ethcr  converted  into  vapour  in  a  vacuum,  gives  a 
permanent  etaftic  vapour  which  is  inflammable.  The  atmolphere 
which  floats  round  the  fraxinella  is  inflammable  from  the  admixture 
of  fome  tffentidl  oil  :  and  M.  Sclieele  is  of  opinion,  that  eveiy  in- 
flammable air  is  compofed  of  a  very  fubtile  oil.  Inflammable  air 
has  of  late  been  employed  in  the  coniiruclion  of  air-balloons  ; 
though,  till  the  invention  be  carried  to  greater  perfection,  we  can- 
not pretend  to  fay  how  far  the  application  of  its  levity  will  prove 
Uleful  to  mank:nd. 

The  refiduum  which  remains  in  the  atmofphere  after  combuftion 
is  extremely  noxious  to  animals.  M.  Lavoilier  thinks  it  a  primi- 
tive lub'tance  of  an  unchangeable  nature,  and  gives  it  the  name  of 
at?nofpheric  mephitis.  Dr  Preiftley,  on  the  contrary,  takes  it  to  be 
a  combination  of  phlogifton  with  pure  air  ;  upon  which  account  he 
calls  it  it  phlogijiicated  air.  It  is  quite  ufelefs,  and  has  been  the 
fubjedl  of  few  experiments. 

The  different  kinds  of  air  hitherto  mentioned,  exift  copioufly  in 
nature  without  preparation  ;  thofe  which  remain  to  be  confidered, 
are  all  of  them  artificial  productions. 

The  nitrous  air,  whole  propertie  have  been  the  moft  noticed, 
arifc3  from  the  deeompofition  of  nitrous  acid.  It  may  be  produced  by 
the  difhllation  of  nitre,  by  the  diflblution  of  fome  metallic  fubftan- 
ces in  ni'.rous  acid,  and  by  fome  other  proceffes  ;  but  in  all  cafes 
the  air  is  exactly  of  the  fame  quality.  This  air  is  a  tranfparent 
fluid,  not  to  be  condenfed  by  cold,  nor  to  be  abforbed  by  water. 

It 
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of  air,  we  find  in  it  two  properties  very  capable  of  cha- 
ratterifing  it,  and  which  feetn  to  belong  to  it  exclufive- 
ly  :  The  one  is  its  favouring  combultion  ;  the  other  its 
fupporting  animal-life,  by  ferving  for  rcfpiration.  It 
is  extremely  difficult  to  give  a  proper  definition  of: 

com- 

It  may  therefore  be  preferved  in  clofe  veffeb  on  the  furface  of  water- 
for  a  great  length  of  time.    But  the  moment  atmofpheric  air  gains^ 
accefs,  it  lofes  all  tranfparency,  parts  with  fome  heat,  and  becomes 
yellow.    This  Gngular  phenomenon  receives  different  explanations, 
though  it  is  imperially  agreed  that  the  change  is  owing  to  the  em- 
pyreal air  contained  in  the  atmofphere.    Dr  Prieftley  imagines  that' 
the  empyreal  air  deprives  the  nitrous  air  of  fome  redundance  of: 
phlogifton,  when  it  is  reduced  to  the  flate  of  nitrous  acid.     M.  La- 
voifier  thinks  that  both  airs  unite  to  form  nitrous  acid.  Nitrous, 
air  is  more  a  matter  of  curiofity  than  of  ufe. 

Befides  nitrous  air,  there  is  a  nitrous •  acid  air;  which  feems  to  be: 
the  nitrou3  acid  converted  into  vapour,  which  is  very  quickly  ab- 
sorbed by  water,  though  it  cannot  be  condenfed  by  cold. 

The  vitriolic  and  marine  acids  undergo  fimilar  changes.  But 
the  volatile  alkali  may  be  converted  into  an  air  which  more  refem- 
bles  true  nitrous  air,  as  feemingly  it  arifes  from  the  refolution  off 
the  alkali  into  its  conftituent  parts;  volatile  alkali  diftilled  uponi 
black  manganefe,  or  upon  colcothar  of  vitriol,  yields  a  peculiar 
kind  of  air.    The  fame  air  is  generated  by  the  explofion  of  aurumi 
fulminans,  though  the  nature  of  it  is  not  well  underftood,  from, 
the  fmdll  number  of  experiments  which  have  been  made  on  the 
fubjec~t.    Another  fpecies  of  volatile  alkaline  air  is  produced  by 
heating  a  mixture  offal  ammoniac  and  quicklime.    Tin's  air  forms, 
different  neutral  falls  by  the  admixture  of  the  vapours  of  the  nitrous  i 
and  marine  acids.    Il  is  the  volatile- alkaline  air  fpoke  of  by  Dr 
Piieflley  ;  in  whofe  works  fome  obfervations  will  be  found  concern- 
ing its  chief  properties. 

It  only  remains  to  make  a  few  remarks  on  the  nature  of  hepatic 
air.  Hepatic  air  is  produced  from  mixtures  of  fulphur  with  diffe- 
rent fubltancfs  by  the  effufion  of  the  mineral  acids.  Nothing  an- 
fwers  better  than  a  mixture  of  fulphur  and  iron,  diftilled  in  a  retort, 
preferving  the  refiduum  for  this  ufe.  Hepatic  air  is  diftinguifhed 
by  many  properties.  It  does  not  precipitate  lime-water  :  it  is  ab- 
forbed  by  water  in  confiderable  quantities,  which  acquires  a  hepatic 
fmell  and  fwt-etifh  tafte  from  it.  A  burning  candle  introduced  into  a 
vefTel  containing  hepatic  air  is  immediately  extinguifhed  :  but  if 
two-thirds  be  common  air,  the  hepatic  air  kindles,  filling  the  glafs 
with  a  white  thick  fmoke.  This  air  then  fmells  like  volatile  fpirit 
of  fulphur;  and  a  white  powder  isdepofited  which  confifts  of  fulphur. 

This 
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combuftion ;  it  is  a  collection  of  phenomena,  which 
certain  bodies  called  combuftible  exhibit,  when  heated 
with  the  concourfe  of  air ;  the  principal  of  which  are, 
heat,  motion,  flame,  rednefs,  and  the  total  change 
of  the  burnt  matter.  We  may  perceive  a  great  deal 
of  difference  among  all  the  combuftible  bodies  : — 
Some,  as  the  oils,  burn  brifkly  with  a  mining  flame  ; 
others  are  burnt  almoft  without  any  perceptible  flame, 
as  feveral  metals  and  well  prepared  charcoals  ;  others 
confume  with  a  flow  motion,  fcarcely  apparent,  and 
without  burning  fenfibly,  but  always  with  heat,  as  fe- 
veral metallic  metals.  Combuftion  takes  place  in  alL 
thefe  cafes :  The  body  which  has  been  burnt  cannot 
be  fet  on  fire  anew,  and  it  is  called  by  the  general  name 
of  cinder,  charcoal,  or  calx,  according  to  its  nature.  The 
refiduum  which  remains  after  combuftion,  is  fometimes 
heavier  than  it  was  before  it  was  burnt.  This  happens  in 
all  fixed  combuftible  bodies.  .All  thofe,  on  the  contrary, 
whofe  inflammable  matter  is  volatile,  take  fire  with  more 
rapidity  than  the  former,  and  their  refiduum  has  loft  the 
greateft  part  of  its  weight :  of  the  laft  kind  is  wood,  &c. 

So 

Thi9  abftraft  of  the  do&rine  of  the  gafes  was  made  out  for  the 
convenience  of  the  reader,  as  many  of  the  articles  are  more  parti- 
cularly mentioned  by  M.  Fourcroy,  when  he  treats  of  the  fubltances 
from  which  they  are  produced. 

We  fhall  conclude  this  treatife  with  the  following  table,  which 
exhibits  the  fpecific  gravities  and  alfo  the  abfolute  weights  of  a  cu- 
bic inch  of  the  various  elattic  fluids,  under  a  mean  heat  of  the  barome- 
ter and  temperate  degree  of  heat,  which  are  the  refults  of  M.  Fon- 
tana's  experiments. 

Names  of  Their  (pecific  Weight  of  a  cubic 

elaflic  fluids.  gravities.  inch  in  g^ns. 

Common  air        -  -           152  -         -  0.385 

Dephlogifticated  air  -        160  -       -  0.442 

Phlogillicated  air  -          140  -       -  0.377 

Fixed  air            -  -         220  -        -  °  57 

Inflammable  air  10  •  0.035" 

Nitrous  air        -  .           157  -        .  0.3 )() 

Marine  acid  air  -        -        243  -        -  0.654 

Vitriolic  acid  air  -         300  -       -  0-778 

Alkaline  air  z        79  -  0-2 
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So  long  as  a  combuftible  body  is  not  volatile,  com- 
buftion  always  adds  to  it  abfolute  weight,  as  is  obferved 
in  the  metals. 

One  of  the  mod  important  phenomena  of  combuf- 
tion is,  that  it  can  never  take  place  without  the  concourfe 
of  air,  and  that  it  never  does  take  place  but  in  propor- 
tion to  the  quantity  and  purity  of  this  fluid.  This  ab- 
folute need  of  air  in  combuftion  has  furprifed  philofo- 
phers  ;  and  every  one  has  propofed  his  opinion  on  the 
fubject.  Boerhaave  believed,  that  by  the  application 
of  air  to  the  furface  of  combuftible  bodies,  it  affifted 
the  feparation  of  their  principles.  On  this  hypothefis, 
we  do  not  underftand  why  the  fame  air  is  not  always 
fufficient  for  combuftion.  M.  de  Morveau  believed, 
that  that  depended  on  its  too  great  rarefaction:  al- 
though the  fluids  which  have  the  fame  elafticity,  and 
all  the  properties  of  air,  cannot  produce  combuftion. 
Stahl  thought  that  this  phenomenon  was  only  the  repa- 
ration of  fixed  fire  or  of  phlogifton :  but  he  neglected 
the  influence  of  the  air ;  and  his  theory  came  fhort  in 
this  important  point.  By  ingenious  experiments  upon 
the  calcination  of  metals  in  determined  quantities  of 
air,  M.  Lavoifier  has  proved,  what  John  Rey  the  phy- 
fician  had  long  before  perceived,  that  air  is  abforbed 
during  calcination ;  that  the  calcined  metal  acquires 
as  much  weight  as  the  air  lofes  ;  that  the  metalic  calx 
is  a  combination  of  the  metal  with  air,  fince  we  can  re- 
duce the  calx  of  mercury  by  difengaging  this  fluid 
with  the  aflnlance  of  heat.  Other  facts  have  carried 
him  ftill  further.  He  has  obferved  with  Prieftley, 
that  the  air  remaining  after  calcination  and  combuf- 
tion, can  no  longer  ferve  for  new  calcinations :  that 
it  extinguifhes  combuftion ;  fuffocates  animals ;  in  a 
word,  that  it  is  no  longer  air  ;  and  that  it  is  diminiihed 
exactly  according  to  the  quantity  of  it  which  had  been 
abforbed  by  the  combuftible  body.  On  the  other  hand, 
air  obtained  from  metallic  caixes  is  three  or  four  times, 
purer  than  that  of  the  atmofphere:  it  alone  can  ferve  for 
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combuftion  ;  it  accelerates  and  renders  it  much  brifker 
than  atmofpheric  air  does.  M.  Prieftley  has  called  this 
fluid  dephlogijlicated  air :  we  give  it  limply  the  name  of 
air;  becaufe  in  effect  it  ferves  eminently  for  refpiration 
and  for  combuftion  :  to  make  ufe  of  the  expreffion  of 
M.  Lavoifier,  it  is  more  air  than  common  air.  The 
atmofpheric  air,  as  thefe  fine  experiments  mow,  is  a 
fluid  compofed  of  about  three-fourths  of  mephitic  gas 
and  one-fourth  of  pure  air.  This  theory  fuppofes  that 
combuftion  is  the  combination  of  pure  air  with  the 
combuftible  bodies,  and  the  reafon  of  this  increafe  of 
weight.  It  feems  to  (land  in  need  of  nothing  to  ren- 
der it  more  complete ;  although  M.  Macquer,  who 
was  very  fenfible  how  much  thefe  facts  elucidate  the  na- 
ture of  combuftion,  does  not  think  that  the  action  and 
feparation  of  phlogifton  in  this  grand  phenomenon 
ought  to  be  entirely  rejected.  He  thinks  that  light, 
which  he  has  fubftituted,  as  we  have  feen,  for  the  phlo- 
gifton of  Stahl,  is  combined  in  combuftible  bodies;  that 
its  feparation  is  the  firft  caufe  of  combuftion  ;  but  that 
it  can  never  be  difengaged  but  by  the  concourfe  of  air, 
becaufei  air  is  the  precipitant  of  light,  and  it  unites  to 
combuftible  bodies  in  proportion  as  the  light  it  fepa- 
rates  from  them  is  volatilized.  Although  we  could 
make  feveral  objections  to  the  theory  of  this  celebrated 
man ;  as  for  example,  to  the  confiderable  increafe  of 
metallic  calxes,  the  reduction  of  feveral  of  thefe  calxes 
without  the  concourfe  of  the  light,  the  brilliant  and 
deep  colour  which  fome  of  them  aflume  in  fpite  of  the 
feparation  of  this  colouring  principle;  we  think,  how- 
ever, that  the  refpectable  authority  of  fo  great  a  mafter 
conftrains  us  not  to  reject  phlogifton  entirely.  Befides, 
we  are  only  the  hiftorian  of  opinions,  and  we  think 
that  feveral  fafts  are  wanting  in  the  doctrine  of  gafes 
to  render  it  fufficient  for  explaining  all  the  phenomena 
of  chemiftry  without  the  concurrence  of  the  inflam- 
mable principle.  In  Ihort,  whatever  be  the  caufe  of 
combuftion,  our  object  in  it  is  not  the  lefs  anfwered ; 
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and  we  have  proved  that  air  is  the  only  body  that  can 
ferve  for  combuftion,  it  cannot  take  place  without  the 
contacl:  of  the  air.  The  air  which  has  ferved  a  certain 
number  of  times  for  the  fupport  of  this  important  func- 
tion, is  no  longer  proper  for  rcfpiration  :  it  kills  animals, 
and  extmguifhes  candles ;  it  (hows  marks  of  a  kind  of 
acid,  which  we  know  by  experiment ;  and  it  wholly 
refembles  the  air  remaining  after  combuftion,  which  is 
called  mephitic  gas,  phlogiftic  gas,  &c. 

LECTURE  VI. 

Art.  3.  Examination  of 'the  properties  of "vV ater. 

f  TTATER  is  an  element,  fince  it  cannot  be  decom- 
VV  poied,  and  fince  it  is  to  be  obtained  from  the 
analyfis  of  many  bodies. 

It  is  tranfparent,  fluid,  very  moveable,  and  {hows  the 
following  properties:  A  tafte  very  well  known  to  the 
drinkers  of  water  ;  a  fluidity  fufceptible  of  changes, 
and  which  is  not  its  moft  natural  ftate ;  fpecific  gravity 
850  times  greater  than  that  of  air;  an  elafticity  more 
or  lefs  remarkable  according  to  its  different  ftates;  a 
force  of  affinity  very  considerable. 

It  is  found  in  almoft  all  the  bodies  in  nature,  although 
art  has  not  been  able  to  combine  it  with  feveral  fub- 
ffances  with  which  nature  unites  it  everyday. 

Water  is  prefented  to  us  in  three  forms;  in  the  form 
of  ice,  of  fluidity,  and  of  vapours.  Its  hiflory  com- 
prehends that  of  mountains  of  ice,  of  lakes,  of  feas, 
of  great  rivers,  of  fmall  rivers,  of  brooks,  of  clouds, 
of  hail,  of  fnow.  It  is  alfo  found  in  lubterraneous  ca- 
vities :  it  is  one  of  the  great  agents  of  nature;  it  ferves 
to  form  the  mountains,  to  fill  the  vallies,  to  make  the 
caverns,  and  undermine  the  rocks,  to  hollow  the  cavi- 
ties, to  give  rife  to  fprings  and  fountains,  to  diflblve 
falts,  to  eryftalize  mineral  fubftances,  to  purify  the  air. 
In  order  to  have  a  full  knowledge  of  the  properties  of 
water,  it  is  not  fumcient  to  confider  it  in  general;  it  ' 
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tnufl  be  examined  in  its  three  different  ftates,  then  it 
will  be  perceived  what  advantages  may  be  reaped  from 
this  examination  for  the  purpofes  of  life. 

§1.0/"  Water  in  the  Jlate  of  Ice, 

Ice  appears  to  be  the  natural  (late  of  water,  fince 
the  natural  ftate  of  a  body,  at  leaftconfidered  chemically, 
is  that  in  which  it  has  the  ftrongeft  poffible  aggregation* 
The  formation  of  ice  prefents  phenomena  of  importance 
to  be  known. 

t.  A  heat  of  fome  degrees  is  produced  in  the  water 
that  freezes  ;  becaufe  it  is  a  liquid  body  which  becomes 
folid  A  thermometer  plunged  ,  into  water  that  is 
frozen,  ftands  at  fome  degrees  above  o ;  although 
another  fet  in  the  open  air  when  cold  enough  to  make 
water  freeze,  be  always  at  o  or  under  it. 

2.  The  accel's  of  the  air  favours  the  production  of  ice: 
water  much  confined  freezes  but  very  flowly. 

3.  A  flight  motion  alfo -accelerates  this  formation. 

4.  Ice  is  more  bulky  than  the  water  before  it  froze* 
and  burfts  veffels  of  glafs  in  which  it  is  formed.  It 
feems  to  be  the  difengagement  of  the  air,  which  is  the 
caufe  of  the  dilatation.  Ice  well  formed  is  diftinguilhcd 
by  the  following  properties. 

1.  Its  form  is  either  regular,  and  mows  cryftals  like 
needles,  which,  according  to  the  obfervation  of  M. 
Mairan,  are  joined  at  an  angle  of  60  or  120  degrees  ; 
or  irregular,  when  it  is  formed  rapidly  and  in  a  lump. 

2.  Its  folidity  is  fo  great,  that  it  can  be  reduced  into 
powder,  and  carried  off  by  the  wind. 

3.  Its  elafticity  is  very  great,  and  much  more  remark- 
able than  that  of  water  in  a  ftate  of  fluidity. 

4.  It  has  a  very  ftrong  tafte  approaching  to  cau- 
fticity. 

5.  It  is  lighter  than  fluid  water  on  which  it  floats. 

6.  Its  tranfparency  is  interrupted  by  bubbles  of  air. 
7-  It  melts  at  fome  degrees  above  o,  and  with  a  great 
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8.  It  has  a  great  power  of  combination  with  Iightg 
with  air,  and  with  the  falts. 

§  2.0/ fluid  Water. 

Fluid  water  poffeffes  different  properties. 
C   i.  Its  tafle  is  weaker. 

2.  Its  elaflicity  is  lefs.  This  was  denied  until  M< 
FAbbe  Mongez  demonftrated  it  by  repeated  experi. 
ments,  the  very  fame  that  had  been  uled  to  call  the 
truth  of  it  in  queftion. 

3.  Its  flate  of  fluid  aggregation  renders  its  force  of 
combination  more  powerful:  on  that  account  it  is  called 
the  great  folvent  of  nature. 

4.  It  appears  not  to  combine  with  light,  which  only1 
palfes  through  it. 

5.  Heat  dilates  it,  and  converts  it  into  a  gas.  This 
tranfition  from  a  liquid  (late  to  that  of  an  aeriform  fluid 
conftitutes  its  ebullition.  Water  boil's  at  different  tem- 
peratures according  to  the  weight  of  the  furrounding 
atmofphere,  as  Farenheit  has  difcovered.  When  the 
air  is  very  weighty,  it  requires  more  time  and  more  heat, 
becaufe  the  atmofphere  which  compreffes  it  retards  its 
rarefaction  more.  The  fame  thing  happens  to  all  fluids; 
which,  according  to  M.  Lavoifier,  may  boil  from  two 
cautes ;  the  one  is  rarefaction  by  heat,  the  other  the  taking 
away  of  the  weight  of  the  atmofphere.  Thus  mercury 
may  be  made  to  boil  in  'vacuo.  Water  boils  in  vacuo 
between  80  and  84  degrees  of  Reaumaur's  thermome- 
ter ;  it  boils  at  40  according  to  Huygens  and  the  Abbe 
Nollet. 

6.  If  water  be  heated  in  clofe  veffels,  with  adiftilling 
apparatus,  it  is  collected  in  vapours,  which  when  con- 
denfed  form  diftilled  waters.  This  is  one  means  of 
feparating  it  from  the  earthy  and  faline  matters,  which 
almoft  always  alter  it,  and  which  at  the  end  of  tha 
procefs  remain  at  the  bottom  of  the  veffcl.  The  che-  j 
miffs  who  require  very  pure  water  for  their  experi- 
ments, employ  this  method  of  purification.    Diflilled  I 
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water  has  an  infipid  tafle  ;  it  occafions  a  fenfation  of 
weight  in  the  Itomach:  by  agitation  with  air,  it  acquires 
a  brifk  tafte,  and  may  then  be  drunk.  Diftillation  does 
not  change  water  (d).  Boerhaave  diftilled  it  500  times, 
and  he  obferved  no  fenfible  alteration.  It  is  not  con- 
verted into  earth,  as  fome  have  imagined;  but  the 
fmall  refiduum  which  it  leaves  after  a  great  number  of 

diftila- 

(d)  Although  M.  Fourcrpy  afferts  the  unchangeable  nature  of 
water  upon  the  authority  of  M.  Lavoifier,  yet  as  the  very  accurate 
experiments  of  M.  Margraaf  on  the  fome  fubjed  infer  a  different; 
refult,  it  may  be  proper  to  give  an  abridgement  of  them  here. 

The  water  employed  was  collected  at  fome  diftance  from  any 
town,  after  the  rain  or  fnow  had  continued  to  fall  for  more  than 
half  a-day,  which  removed  all  fufpicion  of  extraneous  impurities* 
The  retorts  in  which  it  was  diftilled  were  rinfed  with  diftilled  water; 
and  after  thefe  precautions,  he  found  that  100  meafuresj  of  36  ounces 
each,  yielded  lco  grains  of  earth,  which  he  judged  to  be  calcareous. 
He  then  added  30  drops  of  a  folution  of  fixed  alkali  to  the  water 
diftilled  into  the  receiver,  which  caufed  the  depolition  of  a  few- 
grains  more  of  calcareous  earth  ;  and  by  evaporation,  fome  cryftald 
of  faline  matter  prefented,  part  of  which  refembled  nitre,  and  pare 
marine  fait. 

The  water  from  the  melted  fnow  afforded  a  fimiliar  product;  on- 
ly the  proportion  of  marine  fait  was  feemingly  greater;  and  in  both, 
cafes  the  fait  was  tinged  of  a  yellow  colour,  from  the  impregnation 
of  a  fmall  quantity  of  oily  matter. 

M.  Margraaf  continued  to  profecute  thefe  inquiries  with  ftil! 
greater  exaftnefs.  As  fome  fufpicion  had  arifen  of  the  earth  being 
becafioned  merely  by  the  glafs,  he  examined  every  part  of  the 
retort  with  the  molt  fcrupulous  accuracy.  He  poured  in  diftilled 
rainwater,  and  excluded  all  accefs  of  external  air,  to  prevent  duft 
from  mingling  with  the  produft.  The  diftillation  was  repeated  3© 
times  ;  and  ar  the  end  of  each  diftillation  the  water  became  turbid, 
though  the  introdu&ion  of  any  foreign  matter  was  impoffible.  After 
this  the  retort  was  feparated;  and  in  place  of  being  diminiflied  in 
weight,  it  had  rather  increafed.  There  was  no  erofion,  no  exfoli- 
ation, no  inequality,  but  the  furface  was  full  fmooth  like  new 
glafs.  M.  Margraaf  alfo  found  that  expofure  to  the  fun  for  fome 
months,  or  agitation  in  a  clofe  veffel,  was  adequate  to  feparate  the 
earth.  It  was  further  remarkable,  that  more  violent  cadion  was 
reqinfite  at  the  end  than  at  the  beginning  of  the  operation  ;  aud  that 
the  depofition  was  copious,  according  to  the  force  of  the  boiling 
lh.s  earth  proved  infufible  when  expofed  to  the  mod  violent  fire 
Under  a  muffle:  part  of  it  was  folublc  in  nitrous  acid,  fhowing 
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diftillations,  is  part  of  the  glafs  veflels,  the  furface  of 
which  is  by  degrees  deftroyed,  as  M.  Lavoifier  has  de- 
monltrated. 

§  3.  Of  Water  in  the  ft  ate  of  Vapour. 

Watkr  in  the  (late  of  vapour  is  diflinguifhed, 

1 .  By  the  appearance  of  a  white  cloud  which' it  forms. 

2.  By  its  (rate  of  dilatation:  it  occupies  1400  times 
the  fpace  of  fluid  water. 

3.  By  its  weight,  which  is  much  lefs. 

4.  By  its  elafticity  andfpringinefs ;  which  are  fo  great, 
that  it  produces  terrible  explofions  when  it  is  confined; 

,  and  in  mechanics  it  may  be  employed  to  advantage  to 
put  large  bodies  in  motion. 

5.  By  its  affinity  of  compofition,  which  is  fo  much 
the  ftrohger  as  its  aggregation  is  weaker. 

6.  By  its  manner  of  acting  on  light,  which  it  feems 
like  the  prifm  to  decompofe. 

7.  By  its  union  with  the  air  this  kind  of  combina- 
tion forms  dew  ;  upon  which  the  late  M.  le  Roi  the 
phyfician  compofed  an  interefting  work. 

8.  By  its  a&ion  on  burning  bodies,  which  it  feems 
to  favour,  as  is  obferved  in  the  eolipile,  the  enamel- 
lers  lamp,  wet  fuel,  oils  fet  on  fire  which  water  can- 
not extinguilh,and  the  flame  of  which  it  even  augments. 
From  thefe  phenomena  Boerhaave  looked  upon  flame 
as  chit  fly  formed  of  water. 

9.  Laftly,  by  its  condenfation  into  fluid  water  when 
it  is  expofed  to  a  temperature  above  o ;  and  into  fmall 
flakes,  which  form  dendrites  upon  the  windows  when 
it  fuffers  a  fudden  cold  below  the  freezing  point. 

§  4.  Jp* 

all  the  marks  of  calcareous  earth.  The  remainder  was  fufible  by 
the  addition  of  an  alkali.  ,  . 

Thefe  experiments  of  M.  Margraaf  afford  ftrong  prefumpt.on  ot 
the  ex.ller.ee  of  an  earth  in  the  pnreft  water;  which  is  more  evident 
to  tbofe  who  fet  a'.juft  value  upon  the  ac.  uracy  and  precifion  wittt 
which  M.  Margraaf  conduded  all  his  obfervations. 
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§  4.  Application  of  thefe  fads  to  the  ufes  of  Life.  . 

After  all  thefe  reflections  upon  water,  it  may  be 
eafily  perceived,  that  it  muft  vary  from  a  great  number 
of  circumftances,  and  that  all  waters  cannot  be  equally 
proper  for  drinking.  The  knowledge  acquired  upon 
this  fubject  furnifhes  means  of  diftinguifhing  waters  that 
are  fit  for  drinking,  and  of  correcting  fuch  as  are  not  fo. 

The  drinkable  waters  may  be  eafily  known  by  the 
following  characters. 

1 .  They  have  a  brifk  and  fharp  tafte. 

2.  They  have  no  fmell. 

3.  They  boil  eafily. 

4.  They  make  ready  pot-herbs  well. 

5.  They  difTolve  foap  without  forming  lumps. 

6.  They  depofit  nothing  or  very  little  by  tefts. 

The  methods  of  correcting  thofe  which  have  not  thefe 
qualities  are, 

a.  Agitation,  which  favours  the  depofition  and  re- 
paration of  heterogeneous  matters. 

b.  Boiling ;  which  dhTengagesgafeous  fubftances,  and 
feparates  felenite. 

c.  Expofure  to  the  air.  This  fluid  by  combining  with 
water  gives  it  a  brifktafte,  lightnefs,  and  other  properties. 

d.  Filtration  ;  the  tendency  of  which  is  to  feparate 
mechanically  the  foreign  matters  that  change  it. 

e.  Motion  in  canals  and  cafcades,  which  facilitates 
its  combination  with  the  air. 

f.  Attention  to  pools  and  ponds,  in  order  to  free  them 
from  plants  and  infects  ;  the  putrefaction  of  which  ren- 
ders the  waters  fetid  and  unwholfome. 

LECTURE.  VII. 

Art.  4.  Examination  of  the  properties  ©/"Earth. 
§  1.  Of  Earth  in  general. 

THE  name  of  earth  was  given  very  anciently  to 
every  hard,  dry,  infipid  fubftance  which  entered 
into  the  compofition  of  the  globe.    The  ancienf  philo- 
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fophers  reckoned  it  an  element.  Paracelfus  looked  up- 
on every  thing  as  earth  which  remained  fixed  after  che- 
mical operations.  Beccher,  Stahl,  and  Boerhaave,  have 
only  admitted  the  vitrifiable  earth  as  an  element ;  they 
fuppofed  that  all  the  red  coijhl  be  melted  into  glafs. 

Several  earthy  fubftnr.ccs  different  from  one  another  are 
atprefent known, the  vitrifiable,  argilaceous,  and  weighty 
earths.  It  is  not  then  an  identical  fubftance,  a  fimple 
element.  Earths  have  been  confounded  alfo  with  faline 
matters;  fuch  as  magnefia,  gypfum,  lime,  the  bare  bones, 
the  allies  of  vegetables,  metallic  calces,  and  other  fub- 
ftances. 

The  hiftory  of  earth,  then,  comprehends  that  of  fe- 
veral  fubftance  s,  which,  as  will  be  pointed  out  more 
fully  hereafter,  poflefs  common  characters  with  it. 

j  2.  General  diflinclion  of  Earth  into  three  forts.  General 
divifwn  of  the  Minerals. 

We  are  acquainted  with  three  forts  of  earths  only 
which  differ  from  one  another.  The  firft,  upon  which 
the  fire  has  no  action,  and  which  is  not  altered  either 
in  its  hardnefs  or  tranfparency,  we  mean  that  which  i$ 
called  vitrejeent  earth.  The  fecond,  which  by  its  hard- 
nefs and  infufibility  refembles  the  firfl: ;  but  which, 
however,  differs  very  much  from  it  in  this,  that  the 
action  of  the  fire  deprives  it  of  its  tranfparency  and  hard- 
nefs, and  reduces  it  into  white,  opaque,  and  friable 
earth,  which  fhows  the  beginning  of  a  fenfible  alter- 
ation, we  call  it  quart zy  earth,  becaufe  it  makes  the  bafs 
of  the  quartz. 

Thefe  two  firfl  kinds  of  earth  cannot  be  acted  upon 
by  any  of  the  menftrua  which  combine  with  the  third, 
as  we  are  juff.  going  to  fee.  They  only  enter  into  fu- 
fion  by  the  addition  of  alkaline  falts,  and  then  form 
glafs,  which  has  for  a  long  time  determined  the  na- 
turalifts  to  defign  them  by  the  name  of  vitrifiable  earths. 
The  third  kind  .of  earth  is  lefs  hard  than  the  foregoing; 
it  never  (hikes  fire  with  fteel,  however  ftrong  its  ag- 
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gi ecation :  it  acquires  fo  great  a  hardnefs  by  the  aftien 
of  a  well  conduaed  heat,  that  it  equals  that  of  the  two 
firft  kinds;  and  in  water  it  becomes  capable  of  forming 
a  parte,  which  receives  all  forts  of  forms.  This  earth, 
called  argillaceous,  unites  with  the  acids,  and  with  them 
forms  particular  falts. 

M.  Bucquet  admitted  a  fourth  kind  of  fimple  earth, 
fome  of  the  characters  of  which  referable  thofe  of  clay  ; 
but  which,  he  fays,  does  not  form  alum  with  the  vi- 
triolic acid,  as  the  latter  does.  It  was  called  by  the 
name  of  falfe  clay ;  but  this  clay  not  being  as  yet 
known,  we  do  not  look  upon  it  here  as  a  particular 
kind.  In  the  following  lectures  it  will  be  noticed, 
that,  according  to  M.  Bucquet,  this  earth  exifted  in 
fome  ftony  matters. 

After  having  thus  treated  of  earths  in  general,  we 
come  next  to  confider  them  in  particular ;  but  this  exa- 
mination making  part  of  the  hiftory  of  the  mineral 
kingdom,  we  fliould  ftop'a  moment  on  the  nature  and 
difference  of  the  bodies  which  form  it. 

The  name  of  mineralogy  has  been  given  to  that  part 
'of  natural  hiftory  which 'treats  of  minerals:  We  exa- 
mine them  firft,  becaufe  they  are  more  fimple  than 
ivegetables  and  animals,  and  becaufe  their  properties 
are  more  early  underftood.  We  divide  all  the  minerals 
:into  three  great  claifes.  The  firft  comprehends  the  earths 
and  ftones.  In  the  fecond,  we  place  the  faline  fubftances. 
The  third  contains  the  inflammable  or  combuftible 
matters. 

We  will  go  through  each  of  thefe  clafTes  after  one 
another.  Let  us  previoufly  caft  a  rapid  glance  on  the. 
ftru&ure  of  our  globe. 

§'  3.  General  reflcclions  on  the  Globe  and  its  Alterations, 

As  the  minerals,  and  in  particular  the  earths  and 
ftones,  ferve  to  form  the  mafs  of  our  globe,  it  is  necef- 
fary,  previous  to  the  examin  ation  of  the  properties  of  thefe 
;  bodies  in  particular,  to  confider,  in  a  curfcry  manner, 
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the  ftrudure  and  the  alterations  of  the  world  which  we 
inhabit. 

The  terreftria!  globe,  confidercd  in  general,  prefent? 
at  firit  fight  a  fmgular  irregularity,  both  externally  and 
internally.  It  appears  thick  fet  with  mountains,  and 
hollowed  with  cavities.  Its  furface  is  very  unequal:  its 
bowels  are  either  folid  or  hollow ;  either  containing  a 
fingle  mafs  of  matter,  or  formed  into  beds  or  layers ; 
or,  laftly,  irregularly  mixed  with  different  fubftances. 
A  more  accurate  examination  mows  order  and  a  regu- 
lar arrangement  in  the  world :  the  great  mountains  are 
continuous;  the  middle- fized  ones  correfpond  in  their 
juttings  out  and  angles:  the  fubftances  which  they  con- 
tain are  laid  in  horizontal  or  inclined  beds ;  the  earths 
are  always  external,  the  (tones  more  deep,  the  bitumens 
in  large  maffes,  the  metals  in  veins. 

From  thefe  general  obfervations,naturalifts  have  drawn'! 
conclufions  upon  the  hiftory  of  the  globe ;  thefe  have  : 
been  called  the  theory  of  the  earth.    The  authors  who- 
have  written  on  this  fubjeel  may  be  divided  into  two- 
claffrs :  the  firft  contains  the  fyftmatics,  of  whom  we 
will  fay  nothing  ;  the  fecond  comprehends  the  obfer- 
vets.    The  latter  diftinguifh  three  worlds  in  the  globe. 
The  ancient  world:  this  appellation  they  give  to  the 
high  mountains,  which  are  formed  of  a  hard  matter, 
almoft  unalterable.    The  middle  world,  which  fliows 
marks  of  alterations,  to  which  an  epoch  cannot  be  ] 
alligned.    The  new  world,  which  undergoes  alterations  ■ 
even  to  our  own  eyes,  and  of  which  confequently  the 
epochs  may  be  known.    The  alterations  which  the  ■ 
world  has  undergone,  and  which  it  undergoes  everyday, 
may  be  afcribed  to  four  clajTes  of  agents. 

i.  l  he  firft  of  thefe  agents  is  heat.   It  fufes,  volar 
tilzes,  mixes,  combines,  calcines,  vitrifies.   It  produces  ] 
vokanoSi  which  may  be  divided  into  three  orders.  \ 
The  firft  order  comprehends  thofe  of  which  there  re- 
main no  traces  but  in  their  products :  Of  this  fort  are 
t|iofe  of  Auvergne.    The  fecond  order  prefents  mouths  <) 

or 
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or  craters  of  extinguifhed  volcanos ;  as  thofe  of  Vivarais. 
In  the  third  order,  the  volcanos  which  (till  burn  may 
be  placed  ;  as  Vefuvius.  Particular  characters  diftin- 
guifh  the  products  of  volcanos  ;  the  form,  the  abfence 
of  water  and  organic  fubftances,  the  very  coloured  and 
often  very  opaque  cryftals,  the  volatilized,  fufcd,  and 
vitrified  fubftances. 

2.  Water  is  the  fecond  agent  which  alters  the  globe  ; 
it  is  likewife  the  moft  general.  The  feas,  the  rivers, 
the  torrents,  the  rains,  are  fo  many  agents  that  in  their 
own  way  change  the  furface  of  the  earth.  The  motion 
and  currents  of  the  firft  depolit  the  matter  in  beds, 
which  form  the  mountains  of  the  fecond  and  third  order; 
the  waters  of  the  heaven  wafte  others  of  them ;  thofe 
which  are  filtrated  dhTolve  the  falts,  and  depofit  them 
in  cryftals,  in  ftalacYites.  The  fubftances  produced  from 
water  are  known  by  their  form  and  by  their  nature; 
they  contain  organic  matter ;  they  prefent  tranfparent 
and  very,  regular  cryftals. 

g.  The  air  acts  by  its  currents,  which  occafion  the 
winds;  it  difplaces  and  raifes  up  the  fand  :  confined  in 
the  fubterraneous  cavities,  and  fuddenly  rarefied  by 
heat,  it  burfts  afunder  every  obftacle,  and  makes  ca- 
verns {hake ;  it  opens  up  mouths,  through  which  the 
matter  thrown  out  by  the  volcanos  are  difcharged. 

4.  The  faline  fubftances  conftitute  the  fourth  clafs  of 
agents  which  alter  the  globe.  Their  action  is  not  fo 
general  as  that  of  the  three  firft ;  they  combine  with  the 
earths  and  with  the  metals  j  they  burn  inflammable  fub- 
ftances. 

MINERAL  KINGDOM. 

Firft  Clafs  of  Minerals — Earths  and  Stones. 

The  earths  and  ftones,  which  we  confound  together 
becaufe  they  differ  only  in  their  aggregation,  are  cha- 
racterised by  their  abfolute  infipidity,  hardnefs,  dry- 
nefs,  very  little  tendency  to  combination,  infolubility 
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in  water,  a  perfect  infufibility  when  they  are  pure  or 
fufibihty  greater  or  leffer,  always  correfponding 'with 
their  combination  or  mixture  with  other  fubftances. 

As  our  objeft  is  to  treat  of  the  natural  hiftory  of 
ftones  and  earths,  it  is  neceffary  to  eftablifh  diftinft 
characters  between  them.  For  this  end  we  offer  two 
divifions  of  thefe  fubftances. 

The  one,  which  we  call  the  natural  divifion,  is  entirely 
founded  on  the  phyfical  properties;  fuch  as  the  form, 
the  hardnefs,  the  tranfparency  or  capacity,  fradure, 
vitreous  or  lamellated,  the  colour,  the  polifti,  the  pro- 
perty of  (hiking  fire  with  fteel.  The  knowledge  of  the 
earth  and  ftones  by  their  apparent  qualities,  is  abfolutely 
neceflary,  before  we  confider  their  chemical  nature. 
For  this  purpofe,  let  us  employ  this  firft  method,  which 
is  that  of  the  naturalifts. 

The  other  divifion  is  drawn  from  the  chemical  pro- 
perties. We  are  fenfible  we  cannot  gain  an  intimate 
knowledge  of  the  earths  and  ftones  by  it  at  firft  fight; 
and  that,  in  order  to  afcertain  their  chemical  nature,  it 
is  neceflary  to  deftroy  their  form  and  all  their  phyfical 
properties:  So  we  do  not  propofe  it  as  a  method 
adapted  to  render  us  intimately  acquainted  with  thefe 
fubftances;  but  rather  as  a  collection  of  chemical  facts, 
which  it  is  of  very  great  importance  to  collect. 

Natural  Divifion  of  Earths  and  Stones  by  the  aid  of  Cha- 
racters -which  the  eye  may  dijlinguifb. 

Many  minerologifts  have  offered  methods  of  diftin- 
guifhing  the  earths  and  ftones  by  their  phyfical  proper- 
ties; but  the  great  number  and  oblcurity  of  their  divifions 
have  already  embarraffed  thofe  who  ftudy  them.  M. 
Daubenton,  who  is  fo  juftly  celebrated  for  the  extent  and 
utility  of  his  difcoveries  in  natural  hiftory,  being  well 
apprifed  of  thefe  difficulties,  thought  proper  to  give 
to  the  earths  and  ftones  diftinct  characters,  fimple  and 
eafy  to  be  known,  and  upon  the  whole  making  a  con- 
tract between  them,  in  fuch  a  manner  that  it  is  impo- 
litic 
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}le  to  confound  thefe  fubftances  with  one  another.  He 
is  prefented  his  divifion  and  his  characters  in  form  of 
Table  to  the  Royal  College  in  his  courfe  of  Natural 
Hiftory.  As  we  know  nothing  more  methodical,  more 
lear,  and  at  the  fame  time  more  complete  in  this  kind, 
we  think  it  proper  to  give  here  the  principal  divifions 
of  this  naturalift. 

SANDS,  EARTHS,  and  STONES. 

These  fubftances  do  not  diffolve  in  water  as  the  fairs 
do,  have  no  fmell  like  fulphur  and  the  bitumens,  nor 
brilliancy  like  the  metalic  fubftances. 

First  Class. 

Stones  which  Jlrike  fire  with  JleeU 

Vitreous  quart zy  Jlones. 
Genera.  Species. 

I.  Free-ftone  and  fands. 
Granulated  fracture,  the 
grains  detached  and  vi- 


treous. 


1 .  Free  ftone. 

2.  Sand. 


2.  Cryftal. 
Cryftalline  fubftance, 
vitreous  fra&ure. 


3.  Cats-eye  ftones, 


1.  Tranfparent. 

2.  Semitranfparent. 

3.  Opaque. 

1.  Sparkling  fpar. 
Sparry  fracture,  rhon> 
boidal  form. 

2.  Aventurine* 
Reddifh. 

3.  Cats-eye. 

4.  Fifties-eye,. 

5.  Girafols,   ftained  red 
and  blue. 

I  6.  Girafols  pale. 

Geuera^ 
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Genera. 


4.  Semitranfparent  {tones. 
Vitreous  fratture,  femi- 
fcaly. 


5.  Opaque  (tones. 

Vitreous  rracture,  fome- 
times  fcaly,  fometimes 
dull. 


Genera, 


4>  Gem  cryftals- 


Species. 

1.  Agates. 

All  colours  except  the 
milky  white,  the  fine  red, 
and  the  green. 

2.  Chalcedony. 
Of  all  colours. 

3.  Cornelian. 
Fine  red. 

4.  Sardonyx. 
Orange. 

5.  Flints. 
Grey,  light,  black. 

6-  Prafe. 
Green. 

7.  Jade. 

Polilhed,  greafy. 

8.  Stone-flint- 
The  tranfparency  of 
wax. 

1.  Millftones. 
More  or  lefs  porous. 

2.  Flinty. 
Concentric  layers. 

3.  Jafper. 
Vitreous  fracture,  often 
dull,  without  concentric 
layers. 

Vitreous  lamellated  Stones. 

Species, 
M.  Daubenton  places 
here  the  ftones  called  pre- 
cious, of  which  he  reckons 
twenty  fpecies;  in  which  he 
places  the  diamond,  and 
which  he  difpofes  according 
to  the  colours  of  the  prifm. 

Stones, 
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Stones  which  contains  calcareous  and  quartzy  Earths- 

Genera.  SPeci«' 

.  Azure  {tones. 


1.  Oriental. 

2.  Pale  blue- 


Opaque,  and  of  a  fine 
blue- 

Stones  which  contain  calcareous,  quartzy,  and  aluminous 

Earth' 

Genera.  SPecie»- 
8.  Zeolite. 

Generally  in  diverging  f  s  klin~ 
rays,  and  foluble  into  a 
gelly  by  acids- 


5>.  Schorl. 

io.  Argillaceous  (tones. 

Fracture  fimilar  to  that 
,  of  dried  clay. 


i.  Cryftallized. 
I  2- 


Sparry. 

Hard  fchiftis,  leafy-like 
fra&ure.  M.  Daubenton 
places  in  this  fpecies  the 
(tone  of  coma  and  trap. 


Second  Class. 

Stones  which  do  not  flrike  fire  with  fled,  and  which  do  not 
effervejee  with  acids. 
Genera.  Species. 

I.  Soft  clays-  f  x  Abfolutely  infufible. 

They  are  duaile  and  dry,    ^  ,n 
nnri  cirpnnhihed  between         .   *•    i    r  n  i 


3.  JLntirely  fufible. 

Soft  fchiftis. 
Leafy  fracture. 


and  arepolilhed  between 
the  fingers. 

2.  Argillaceous  earths. 
According  to  the  10th 
genus  of  the  firft  clafs. 

Stones  of  an  uncertain  nature- 

3.  Talc. 
Polilhed  laminse  and  glit- 
tering withoutfparry  frac- 
ture, 


ti  In  great  leaves. 
2.  In  fmall  leaves- 


4.  Stea« 
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Gc"era  .  Species 

4.  Steatites.  Cr.  In  layers. 

Soft  to  the  touch  like  j  2.  Compafted. 

*allow-.  C3-  Lapis  ollaris. 

5.  oerpentmes.  ( 

The  poliOiandthecoloursb ?pake* 
of  marble.  £ 2'  Semi-tranfparent 

6.  Amianthus. 

Filaments  not  calcinable, N1' In  flexJble  filaments; 

flexible,  lighter  thanV"  TIn  hard  filaments- 
water.  £3.  In  leaves. 

7.  Zeolite.  ri- Sparry. 
According  to  the  eighth-}  2-  Compafted. 

genus  of  the  firft  clais.  C  3.  Blue. 
0.  Sparry  fluors. 

As  thefe  are  true  falts,  the  hiftory  will  be  found  irfi 
the  article  on  thefe  fubftances.  M.  Daubenton 
ihould  look  upon  thefe  fubftances  as  ftones,  fined 
they  have  neither  folubility,  odour,  nor  brilliancy 

Gypfeozcs  Subjlances. 

p.  Gypfum. 

It  is  juft  like  the  fparry  fluors ;  it  is  a  true  fait,  but 
with  the  apparent  properties  of  ftones.  They  will 
be  treated  of  in  detail  in  the  hiftory  of  the  Saline 
Subftances. 

THIRD    CLASS.  ■ 
Earths  and  Stones  which  effervefce  with  Acids. 

Calcareous  Sub/lances. 

All  thefe  fubftances  have  been  hitherto  looked  upori 
as  ftones,  and  indeed  they  have  neither  tafte  nor  appa- 
rent folubility.  However,  as  they  are  truly  compofed 
of  two  faline  fubftances,  we  infert  their  hiftory  in  the 
article  of  the  Salts.  But  as  the  object  of  the  Naturalifts 
is  very  different,  they  ought  to  range  them  among 
ihe  ftones. 

PrM 
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Vroducls  of  Volcanos 
Gener*  Species 


Lavas- 

Volcanic  matters,  that  is 
to  fay,  formed  by  vol- 
canos. 


Weighty  fcorias. 
2'  Bafaltes. 

Compact,  fparkling,  gra- 
nulated fracture,  grey 
or  black,  with  brilliant 
points,  without  leaves 
like  thofe  of  fchiftes- 
3.  In  glafs. 

2.  Volcanized  matters. 

That  is  to  fay,  altered  by  the  heat  of  the  volcanos^ 
indicated  by  roafting,  by  calcination,  fufion,  or 
vitrification* 

3.  Mixed  products. 

That  is,  formed  by  the  mixture  of  the  two  preced- 
ing, together  or  feparately. 

LECTURE  VIII. 

(  Chemical  Divifan  of  the  Earths  and  Stones. 

"IXTE  divide  the  earths  and  (tones,  confidered  che- 
*  ▼  mically,  into  three  fections.  The  firft  contains 
the  fimple  earths  and  ftones ;  the  fecond,the  compound 
earths  and  ftones  j  the  third,  the  mixed  earths  and 
ftones  (a,) 

The  fimple  earths  and  ftones  very  pure,  are  infipid^ 
dry,  hard,  infoluble,  andinfufible.  If  any  of  them  feem 
to  differ  from  thefe  characters,  particularly  in  having  a 
fort  of  fufibility,  it  is  always  owing  to  the  mixture  of 
fome  ftrange  matters.  Chemical  analyfis  cannot  fepa- 
rate  thofe  when  very  pure  into  feveral  fubftances. 

The  compound  earths  and  ftones  ought  to  be  looked 
upon  as  combinations  of  different  fimple  earths  with 

the 

(a)  This  divifion,  which  entirely  belongs  to  M.  Bucquet,  is  un- 
doubtedly very  far  from  the  fcrupulous  exaftnefa  which  the  cherrufts 
might  defire.  It  is  even  very  faulty  in  feveral  points,  as  we  fhall 
obferve  ;  and  we  only  prefent  it  as  a  work  begun  by  this  chemift, 
<M  which  requires  a  long  fet  of  experiments  before  it  be  amended.' 
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the  faline  and  metallic  fubftances.  TJiefe  combinations 
have  been  made  in  the  great  laboratory  of  nature  by 
means  of  water  or  fire.  Their  chemical  characters  are 
the  following  :  they  are  fufible,  give  different  glaffeg 
by  the  aftion  of  the  fire,  and  which  admit  of  repara- 
tion into  feveral  fimplc  fubftances  by  the  action  of  the 
folvents,  particularly  of"  the  acids. 

The  mixed  earths  and  ftones  are  diftinguifhable  by 
the  eye:  they  feem  formed  by  the  irregular  affemblagc 
of  different  Itones,  or  of  fimple  and  compound  earths. 
"We  know,  that  to  make  an  analyfis  of  them,  we  muft 
feparate  the  different  matters  which  are  irregularly 
mixed,  and  examine  apart  thefe  fubftances  from  one 
another  ;  after  that,  chemical  experiments  may  indicate 
their  nature  with  certainty. 

§  t.  Simple  Earths  and  Stones. 

We  divide  them  into  four  Orders, 

Order  I.  Vitreous  Stones \ 

They  are  of  an  extreme  hardnefs  and  a  perfect  tranf- 
parency ;  their  fracture  is  vitreous  ;  they  flrike  fire  with 
fteel :  heat  alters  neither  their  tranfparency  nor  hard- 
nefs. 

This  fir  ft  order  contains  two  genera  ;  rock  cryftal* 
and  the  precious  vitreous  ftones. 

Genus  I.  Rock  Cryftal. 

Rock  cryftal  prefents  all  the  characters  of  vitreous 
ftones  in  the  molt  remarkable  degree.  It  is  diftinguifh- 
ed  from  the  following  genus  by  its  fracture,  which  is 
like  that  of  glafs. 

It  may  be  divided  into  its  different  fpecies. 

1 .  From  the  form. 

Species 

1.  Ifolated  hexsedral  cryftals,  with  two  hexasdral 
pyramids  ;  they  occafion  a  double  refradtion, 
according  to  M.  l'Abbe  Rochon. 

2.  Hexzedral  cryftals  united  in  one  or  two  points. 

i  3.  Three- 
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Species.  . 

3.  Threerfided  cryftals,  Iwelve-fided,  flattened,  &c. 
They  are  always  hexcedral,  with  furfaces  varied 
and  irregular. 

4.  Rock  cryftal  in  a  lump  from  Madagafcar  ;  it 
occafions  only  a  litnple  refraction. 

2.  From  the  Colour. 

5.  Red  rock  cry  Hal. 

6.  Smoky  cryflals. 

7.  Black  cryftals. 

3 .  From  accidental  Varieties. 

0.  Hollow  rock  cryftal. 
9.  With  water. 
10.  Set  cryftals. 

1  1.  Round  cryftals,  flint  of  the  Rhine. 

12.  Cryftals  encrufted  with  metallic  calxes. 

13.  Cryftals  en  geodes. 

14.  Cryftals  containing  amianthus. 

1 5.  Cryftals  containing  fchorl. 

I  1 6.  Cryftals  encrufted  with  pyrites. 
Their  formation  by  water  is  proved, 

1.  By  their  tranfparency. 

2.  By  the  form  of  the  mi  all  cryftals. 

3.  By  two  inclofed  cryftals. 

4.  By  the  fubftances  alterable  by  the  fire  which  they 
antain. 

It  is  cut  to  make  vafes  and  jewels. 

Genus  II.  Precious  Vitreous  Stones. 

The  precious  ftones  which  we  place  here  have  all 
e  characters  of  rock  cryftal,  and  particularly  its  per- 
ct  onakera|$iUty  by  the  fire.  Although  this  feems  to 
Krert  the  natural  order,  and  though  ML  Bergman  de- 
ares  that  he  found  in  thefe  ftones  feveral  fubftances 
•mbined,  their  hardnefs, their  tranfparency,  the  manner 

which  they  are  acted  on  by  the  fire,  make  them  ap- 

VOL.  I.  I     .  pro. 
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proximate  to  rock  cryflal  (a).  They  differ,  however,  in  a  j 
very  confidence  hardnefs,  a  more  lively  and  pretty 
colour,  a  lamcliated  fracture.  The  chemical  difference 
which  fubfiits  between  all  the  precious  (tones,  in  parti- 
cular  in  their  manner  of  being  altered  by  the  fire,  ha< 
induced  us  to  feparate  them  from  one  another,  and  to 

refer  i 

(*)  Mr  Fourcroy  here  alludes  to  an  effay  of  M.  Bergman,  whichl 
prdents  a  mod  beautiful  inftance  of  chemical  analyfis,  and  whichl 
Cl«rly  explains  the  nature  of  all  the  genus,  except  the  diamond.: 
Many  difficulties  occurred  to  be  furmounted  before  the  inveltigatio oil 
could  be  made  complete.    The  great  value  of  the  materials  render  J 
ed  it  expenfive  to  obtain  fptcimens  in  fufficient  quantity  :  theipl 
great  hardnefs  renders  them  difficult  of  being  reduced  to  a  powdetl 
lit  for  experiment  :  while  common  crucibles  cannot  be  employed  J 
as  the  alkalme  falls  made  »fe  of  to  promote  the  fufion  ad  uponi 
tnem,  as  well  as  upon  the  fubjed  of  effay.    Heat  alone,  without  the] 
addition  of  fome  powerful  flux,  has  no  effia  in  altering  the  appear-J 
ance  of  the  gems.    Vitriolic  acid  extrafts  a  portion  of  iron  and  cal-| 
careous  earth,  but  leaves  the  remainder  totally  infufible  in  the  fire:  J 
the  other  acids  do  the  fame  thing  ;  and  the  fad  favours  the  con Al 
jeaure,  that  all  the  gems  are  formed  of  a  peculiar  kind  of  earthiJ 
different  from  any  to  be  found  in  other  (tones.    But  when  fome  very 
pure  mineral  alkali  is  employed  to  loofen  their  texture,  they  mayjj 
then  be  refolved  into  fimple  earths.    M.  Bergman  took  one  part  o6( 
any  gem  in  powder,  and  two  of  fixed  alkali  :  this  he  put  into  a 
Imall  coppel  of  iron,  with  the  cavity  well  polifhed,  to  adminifh  the! 
chance  of  fcorification.    He  placed  this  coppel  on  a  bit  of  tile  in  aal 
air  furnace,  and  covered  it  with  an  inverted  crucible.    He  carefully?} 
avoided  the  blait  of  a  bellows,  which  calcines  the  iron,  and  adulte- 
rates the  produa.     An  incipient  fufion  is  fufficient  to  open  the 
texture  of  the  gem  ;  and  when  the  fufion  is  made  complete,  thejf 
melted  button  adheres  to  the  furface  of  !the  iron,  and  never  can  beji 
entirely  detached.    After  this  operation,  the  acid3  diffolved  a  mucUJ 
larger  portion  than  before,  and  left  the  remainder  infoluble  by  the., 
longeft  digeftion,  and  infufible  by  the  ltrongcft  heat.   It  was,  how--} 
ever,  convertible  into  glafs  by  the  addition  of  an  alkali,  andfhowedli 
all  the  figns  of  a  pure  filiccous  earth.    The  folution,  in  the  marindJ 
acid,  was  next  fubjeaed  to  experiment:  he  firft  added  fome  PruM 
iian  alkali  to  feparate  the  iron  ;  then  he  filtrated  the  folution,  aacU 
added  fome  mild  alkali  to  precipitate  the  earthy  matters.  ThisM 
precipitate  was  wafhed,  and  fome  vinegar  poured  upon  it,  whicbjJ 
difiolvcs  the  calcareous  earth  and  magnefia,  but  leaves  the  argilhvj'l 
Cfous  earth  untouched.  The  remainder  at  this  time  was  diffolved  inbl 
vitriolic  acid,  and  gave  pure  and  psrfcft  alum.    The  matters  doH 

fulved-Jt 
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cr  them  to  the  orders  of  the  (lories  with  which  each 
of  them  feems  to  have  the  greateft  relation. 

Thefe  four  precious  ftones,  which  we  diftinguifh  from 
the  reft  by  the  name  of  Vitreous,  are, 

Species 

1 .  The  oriental  topaz. 

2.  The  hyacinth. 

3.  The  oriental  fapphire. 

4.  The  amethyft. 

M.  Daubenton  always  efteemcd  this  lafl:  as  a  cryftal 
of  quartz. 

I  2  Or- 

folved  by  the  vinegar  were  then  thrown  down  by  the  addition  of 
fome  mild  alkali.  The  precipitate  was  wafhed,  and  wa3  known  to 
contain  nothing  but  terra  ponderofa,  calcareous  earth,  and  magnefia. 
The  vitriolic  acid  diflblves  all  thefe  earths.  With  magnefia  it  forms 
Epfom  fait,  foluble  in  twice  its  weight  of  water  ;  with  terra  pon- 
derofa, the  gypfum  ponderofum,  not  to  be  difiolved  in  ioco  times 
its  weight  of  water  ;  with  calcareous  earth,  common  gypfum,  foluble 
in  500  times  its  weight  of  water  ;  and  by  the  addition  of  acid  of 
fugar,  an  infoluble  fait  is  formed,  which  falls  to  the  bottom  of  the 
veficl.  After  this  very  accurate  mode  of  examination,  M.  Bergman 
found  that  all  the  gems  were  compofed  of  thofe  kinds  of  earth,  the 
argillaceous,  the  filiceous,  and  the  calcareous  ;  and  that  all  of  them 
owed  their  colour  to  the  admixture  of  a  fmall  proportion  of  iron. 
The  refults  of  all  his  experiments  were,  that  of  too  parts  employed 
in  the  analyfis, 

Argill.      Silic.       Calc.  Iron. 
The  emerald  contained  60       24         8  6 

Sapphire  58       35         5  2 

Topaz  46       39         8  6 

Hyacinth  40       25        20  13 

Ruby  40       39         9  10 

When  we  confider  the  compofition  of  thofe  beautiful  jewels,  on 
which  mankind  has  at  all  times  fet  fo  high  a  value  on  account  of 
their  brilliant  colours,  we  find  reafon  to  admire  the  fimplicity  of  na- 
ture in  all  her  operations.  It  is  wonderful  to  difcover  all  the  gems 
compofed  of  four  fimple  ingredients,  united  in  various  proportions. 
It  is  ftill  more  wonderful  that  human  art  is  able  to  imitate  the  ex- 
ternal appearance  of  them  all,  by  the  employment  of  different  mate- 
rials. The  bafis  of  artificial  jewels  is  the  fame  in  all,  but  the  co- 
louring matter  is  different  in  each  of  them.  Gold  gives  red,  lead 
yellow,  cobalt  blue,  iron  green,  manganefe  purple.  This  branch 
.  of  manufacture  is  more  particularly  explained  in  the  Lecture  upon 
Clafs. 
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Order  II.  %artz  Stones, 

They  have  left  hardnefs  and  tranfparency  than  the 
hrlt  their  fracture  is  vitreous,  they  ftrike  fire  with 
iteel  ;  ,heat  makes  them  lofe  their  hardnefs  and  trans- 
parency, and  reduces  them  into  a  white  and  opaque 
earth.    We  rank  four  genera  of  (tones  in  this  order. 

Genus  I.  Quartz. 

.    It  unites  all  thefe  characters. 

Species 

1 .  Tranfparent  quartz  cryftallized  into  hexagonal 
pyramids  without  very  evident  prifms,  or  with 
very  fhort  prifms. 

2.  Tranfparent  quartz  in  a  mafs. 

3.  Opake  or  milky  quartz. 

4.  Flat  quartz. 

5.  Rotten  quartz. 

6.  Coloured  quartz,  a  prifm  of  amethyft. 

7.  Yellow  quartz  with  lamellated  fradure. 

ISIS' 

Thefe  topazes  have  all  the  characters  of  quartzes. 
Genus  II.  Flint,  Agate. 

The  flints  and  the  agates  form  fmall  round  maffes, 
moft  often  opake,  fometimes  femitranfparent,  hollow, 
or  folid,  differently  coloured,  and  difpofed  in  beds  in 
chalk,  as  the  flints,  or  in  clay,  as  the  agates.  Their 
fracture  fometimes  is  fcaly. 
Species. 

1.  Grey  flint. 

2.  Yellow  flint. 

3.  Red  flint. 

4.  Horned  flint,  for  firelocks. 

5.  Brown  flint  of  Egypt. 

6.  Tranfparent,  fliadovved  flint  j  German  agate. 

7.  Red  agate,  cornelian. 
8-  Red  pale  agate,  flefhy. 

0.  Brown 
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0.  Brown  or  yellow  agate,  fardonyx. 

10.  Agate  onyx,  difpofed  in  concentric  layers. 

11.  Agate  difpofed  in  horizontal  layers,  which 

depends  on  their  cutting. 

12.  Figured  agates. 
Dendrites. 
Anthropomorphite. 
Zoomorphite. 
Uranomorphite. 

1 3.  Agate  like  parlley,  marked  with  fmall  green  points, 

14.  Agate  of  four  colours,  elementary  agate. 

15.  Grey  agate,  grey  chalcedony- 
16  White  agate,  white  chalcedony. 
17*  Chalcedony  in  beds. 

1  3|  Chalcedony  in  ftalaclites. 

19.  Chalcedony  rolled  up,  cacholong. 

20.  White  agate,  mining  with  different  rays- 
Cats  eye  of  the  lapidaries- 
Cats  eye- 

Oculus  mundi. 

21.  Natural  avanturine. 

22.  Qpake- 

23.  Girafol. 

24.  Oriental  agate. 

The  formation  of  the  quartz,  agates,  and  flints,  is 
owing  to  water;  as  is  proved  by,  1.  Their  form. 
2.  Their  layers.  3.  Their  mafles.  4.  The  water  which 
they  contain.  5.  The  organic  fubdances  which  are 
mixed  with  it,  as  in  the  mafs  of  agates. 

The  hiftory  of  the  geodes  alio  proves  this  formation  ; 
|  thefeare  the  ltony  boxes  filled  with  cryftals ;  fome  flint 
and  quartz  are  found  with  it  difpofed  in  beds. 

Genus  HI.  Organic  matters  made  of  Flint  and  Agate. 

The  organic  form  ftill  diftinguifhable,  joined  to  the 
characters  of  the  quartzy  earths,  diitinguifn  them  from 
the  three  other  genera  of  this  order. 

I  3  Spe- 
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Species. 

"      ?*tri5ed  wood  ftM^ 

2.  Wood  whofe  fpecics  is  diftinguifhable  on  account 

of  its  texture  ;  fir. 

3.  Wood  and  madrepores  filicified. 

4.  Shells  become  agates. 

5.  Carpolitcs.  Thefe  have  been  falfely  looked  upon 

as  petrified  fruits :  they  are  fmall  ludushelmon- 
tn,  become  flint. 

6.  Entrochites. 

7.  Fruit-itone  become  filicious.     It  ftrikes  fire  with 

lteel,  does  not  effervefce  with  acids :  it  fecms  to 
be  formed  of  cornu  ammonis  cut  perpendicular- 
ly to  their  volutes. 

. There  are  two  opinions  on  petrifaction.  Some  ima- 
gine that  the  organized  matters  have  been  entirely 
changed  into  ftone  ;  others  fuppofe  that  the  vacuums 
left  in  the  foft  earths  by  animal-fubftances,  or  the  inter- 
vals of  the  fibrous  texture  of  vegetables,  have  been  filled 
by  the  earthy  matter  which  isgradually  depofited.  There 
is  nothing  certain  of  the  caufes  of  this  phenomenon.  It 
is  obferved  that  vegetable  matters  almoft  always  become 
quartzy;  whilft  animal  matters  for  the  molt  part  be- 
come calcareous,  and  rarely  quartzy ;  and  that  vege- 
table almoft  never  pafs  with  their  texture  to  the  calca^ 
reous  ftate- 

Genus  IV.  J  a/per. 

The  jafper  has  all  the  characters  of  quartzy  ftones :. 
It  is  not  fufible  j  it  lofes  its  aggregation  by  the  fire.  It 
is  a  very  hard  ftone,  capable  of  a  fine  polifh,  opake,  va- 
riegated with  different  colours.  Its  frafture  is  vitreous 
and  dull-  It  is  rarely  found  arranged  in  beds.  It  more 
often  forms  considerable  maffes  or  veins  in  the  rocks. 
It  is  alfo  found  in  fmall  or  rounded  maffes.  The  moil 
part  of  the  fpecimens  of  jafper  are  mixed  with  quartz 
and  chalcedony,  fome  contain  calcareous  fpar. 

The  fpecies  of  jafper  have  been  very  greatly  multi- 
plied 
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plied  by  the  naturalifts-  They  may  be  reduced  to  the 
following. 

Species. 

i.  White  jafper- 
-    2.  Grey, 
g.  Yellow. 

4.  Red. 

5.  Brown. 

6.  Green. 

7.  Veined* 
8-  Stained. 

0.  Green,  with  red  points. 
Bloody. 

10.  Flowered. 

Toys,  and  chiefly  cups  and  feals,  are  made  with  the 
jafper.  The  ancient  engravings  are  almoft  always  on 
thefe  ftone  s. 

Genus  V.  Free  Stone. 

Free  ftone  is  opake,  of  a  granulated  fracture,  much 
lefs  hard  than  the  quartz  and  flints  ;  it  is  in  enormous 
manes,  more  or  lefs  hard,  of  a  more  or  lefs  fine  and 
compact  grain. 

Species 

1.  Free -ftone  cryftallized  in  rhomboids.  M.  de 
Laflbne  has  demonftrated,  Memoirs  of  the  Aca- 
demy 1777,  that  their  form  is  owing  only  to 
the  chalk  which  is  united  to  them. 

2.  Free-ftone  in  the  form  of  colliflowers,  balls,  &c4 
g.  Free-ftone  in  ftalagmites. 

4.  White  free-ftone. 

5.  Grey  free-ftone. 
6-  Red  free-ftone. 

7.  Black  or  brown  free-ftone. 

8.  Veined  free-ftone. 

9.  Figured  or  herborifed  free-ftone. 

10.  Free-ftone  whofe  aggregation  is  deftroyed ;  fand. 
The  fand  prefents  the  following  varieties, 

I  ^  1,  Quick-* 
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Varieties. 

1.  'Qu?ck-fand. 

2.  Cornered  fand. 

3.  Sand  rounded  by  water. 

4.  Sand  pure  and  white. 

5.  Micaceous  fand  ;  glarea. 

6.  YdlowandargiUaceousfandj  fandof  thefoundei 

7.  Martial  fand,  yellow. 

8.  —  black. 

9-  Blue  fand,  coppery- 

10.  Sand  of  tin,  violet. 

i  i'  Golden  fand. 


LECTURE  IX. 
Order  III.    Argillaceous  Earths  and  Stones. 
They  are  fat,  flexible,  adhering  to  the  tongue,  leafy,  often, 
coloured,  difpofed  in  large  majes  and  in  beds. 
^IJEIR  aggregation  is  not  fo  ftrong  as  that  of  the 
.  >    quartzy  earths  ;  they  have  a  greater  force  of  com- 
bmation  :  we  alfo  often  find  them  altered.  Heat  makes 
them  contra £1,  and  renders  them  fo  hard  that  they  imi- 
tate the  quartzy  ftones :  water  reduces  them  into  a 
pafte  ;  divides  and  purifies  them.    They  unite  to  it, 
and  retain  it  fo  ftrongly,  that  they  cannot  be  deprived 
of  the  lafl  portions. 

A' part  of  their  fubftance  unites  with  the  acids. — 
'  Some  chemifts  have  thought  that  clay  was  only  the 
iiliceous  earth  altered  by  the  vitriolic 'acid  :  But  this 
opinion  has  not  been  directly  proved. 

On  the  two  properties  of  making  a  pafte  with  water, 
and  of  hardening  by  heat,  the  arts  of  making  tiles  and 
bricks,  pottery,. Dutch  and  porcelain  wares,  depend  ; — 
the  details  of  which  belong  to  the  hiftory  of  thefe  earths. 

The  naturalifis  have  defcribed  a  great  number  of 
fpecies  of  thefe  fumes.    They  have  confounded  with 
them  m^nyfall'e  clays,  as  well  as  compound  ftones,  as- 
the  ferpentine,  the  zeolite,  the  trap.    We  ought  to 
give  the  njmie  of  clay  only  to  thole  earth-s  which  turn 

hard 
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hard  with  the  fire,  can  be  walhed  with  water,  and  form 
alum  with  the  vitriolic  acid. 

M.  Macquer,  who  has  examined  a  great  number  of 
them,  has  not  found  any  ablbluiely  pure  :  it  is  to  the 
mixture  of  different  combuitible  and  metallic  fub- 
fiances  that  the  colour  and  fufibility  of  fcveral  among 
them  are  owing. 

We  diftinguim  four  genera  of  them. 

Genus  I.    Soft  and  dudlle  Clays. 

They  may  be  kneaded  when  they  come  out  of  the 
quarries,  and  they  dry  with  the  air. 

Species. 

1 .  White  clay,  pipe  clay. 

2.  Sandy  clay. 

3.  Flexible  clay,  blackifh,  for  the  white  potteries. 

4.  Clay  with  mica;  kaolin,  in  partfufible,forporcelain. 

5.  Metallic  clay,  fufible  5  terra  figillata,  Armenian 
bole. 

6.  Pyritous  clay,  fufible,  blue,  green,  marbled,  for 
common  potteries. 

Genus  II.   Dry  friable  Clays. 

Tripolis. 

Species. 

r.  Dry,  grey,  leafy  clay  ;  fullerVcIay. 

2.  Red  tiipoli;  fome  regard  it  as  a  volcanic  pro- 
duction, 

3.  Grey  tripoli. 

4.  Black  tripoli. 

5.  Kotten  ftone,  of  a  grey  olive. 

Genus  III.  The  Schijhts.. 

The  fehifti  are  leafy  ftones,  which  peel  ofFin  lamina: ; 
they  are  very  mixed  and  fufible. 

Species. 

1.  Black,  flender. 

2.  Fifiile  fchiftus  ;  {late. 

3 .  Black,  hard  fchiftus ;  meet  Hate. 

4.  Red,  brown  fchiftus. 

5-  Schif- 
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•Species. 

5.  Schiftus,  with  vegetable  and  animal  imprcflions. 

6.  Very  hard  fchiftus. 

Genus  IV.  Felt  Spar. 
It  is  formed  of  rhomboidal  laminae  :  its  frafture  is 
fparry ;  it  gives  fparks  with  fteel ;  on  that  account  it 
is  called  Sparkling  fpar.  It  is  harder  than  the  fchifli, 
and  is  fufible.  M.  Bucquetlookcd  upon  it  as  an  argil- 
laceous  earth,  coloured  with  iron.  M.  Monet  fays,  that 
it  is  compofed  of  quartz,  clay,  magnefia,  and  a  little 
calcareous  earth.  M.  Daubenton  has  placed  it  among 
the  quartzy,  vitreous,  and  cats-eye  (tones.  This  naturalift 
told  me,  that  there  he  found  a  felt-fpar  cryftallifed  in 
prifms.  The  difference  of  the  opinions  of  the  nature 
of  felt-fpar  is  owing  to  its  not  being  well  known.  A 

farther  examination  will  determine  its  place. 
Species. 

1 .  Prifmatic  felt-fpar. 

2.  White  felt-fpar. 

3.  Red  felt-fpar. 

4.  Green  felt-fpar. 

5.  Blue  felt-fpar. 

Order  IV.    Falfe  Clays. 

Thefe  are  clays  only  of  a  leafy  texture,  fat  appear- 
ance ;  Some  harden  with  the  fire- 

They  differ  from  them  in  this,  that  they  do  not  make 
a  parte  with  water,  and  the  moll  part  fufe-  They  pro- 
duce with  the  vitriolic  acid  a  fait  in  needles,  which  is 
not  altered  by  the  air,  which  is  foluble  in  four  or  five 
parts  of  water,  aria*  which  does  not  bubble  on  the  fire  : 
in  a  word,  which  is  not  alum-  Thefe  characters  have 
been  given  by  M-  Bucquet,  who  had  examined  feveral 
of  thefe  (tones :  As  for  the  reft,  as  they  are  only  but 
Very  little  known,  they  may  be  ranked  after  the  clays. 

Genus  I.    Lapides  Ollares,  bard. 

Their  texture  is  a  little  leafy ;  their  appearance  fatty; 

and  they  take  but  a  bad  polilh. 

a  I  ■  Grey 
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Species.  .     r  j 

1.  Grey  lapis  ollaris  of  Sweden- 

2.  Green  ;  colubrine  of  Sweden. 
5.  Yellow. 

4.  Brilliant  green  ;  jade.  The  nephritic  ftone,  and 
that  of  Oraheite,  were,  according  to  M-  Bucquet,  va- 
rieties of  jade.  We  fhould  obferve,  that  jade  is  very 
hard,  and  {hikes  fire  with  fteel.  It  is  undoubtedly  after 
Mr  Pott  that  M-  Bucquet  placed  it  among  the  lapides 
ollares. 

5.  Dirty  green  lapis  ollaris  ;  colubrine  flone. 

&  Serpentine-  Stone  of  a  deep  green  colour,  and 
as  if  blackim,  ftreaked  with  (tains  or  black 
veins,  like  the  (kin  of  ferpents.  We  have  put  it 
at  the  end  of  the  lapides  ollares,  on  account  of 
its  appearance  :  however,  it  appears  to  be  com- 
pounded- 

Genus  II-    Tender  Lapides  Ollares- 
Steatites,  or  Smettites. 

Species. 

1.  White  fteatite,  compact ;  chalk  of  Briancon. 
2-  Clay  of  Briancon,  brilliant  j  talc  of  Venice  3* 
mong  the  druggifts- 

3.  White  fteatites  of  Norway- 

4.  Red  marbled  fteatite  of  Norway. 

5.  Reddifh  fteatite  of  Norway. 

6.  Green  fteatite,  compact,  of  Norway. 

7.  Green  and  red  fteatite  of  Norway. 

o.  Green-leaved  fteatite,  tender  colubrine  of  Nor- 
way. 

9.  Black  fteatite;  ftone-cutters  ftone. 

lo.  Grey  and  brilliant  fteatite;  plumbago  molybdsena, 
and  very  improperly  mineral  of  lead.  It  is  re- 
duced into  powder :  it  is  formed  into  a  liquid  ' 
pafte  with  a  folution  of  fifh-glue.  This  pafte 
is  run  into  fmall  cylinders  of  hollow  wood,  which 
are  cut  at  an  end  to  make  crayons. 
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Genus  III.  Talc. 
It  is  formed  of  polifhed  and  fhining  lamina:,  of  a 
gelatinous  tranfparency,  which  adhere  to  one  another 
like  leaves  :  with  a  violent  fire  it  fufes  into  a  coloured 
glafs. 
Species. 

1.  Talc,  in  large  tranfparent  fpangles ;  Mufcovy 
glafs. 

2.  Talc,  in  very  fmall  argentine  fpangles  ;  cat 
filver. 

3.  Talc,  in  very  fmall  golden  fpangles ;  cat  gold. 
Thefe  two  fpecies  are  ufed  to  dry  writing,  under 
the  name  of  fiher  or  gold  duft. 

4.  Talc,  rounded  into  the  form  of  pebbles. 

5 .  Talc,  in  black  fpangles. 

6.  Talc,  in  mixed  brilliant  fpangles. 

Genus  IV.    Amianthus,  Afbeftus. 

This  kind  of  ftones  is  formed  of  fibres  or  filaments, 
placed  parallel  at  the  fide  of  one  another :  thefe  fila- 
ments are  either  ftiff  or  flexible  j  they  differ  in  their 
length,  difpofition,  colour,  and  thicknefs.  The  ancients 
fpan  them,  and  made  a  cloth  called  incombuftible  linen, 
in  which  they  burnt  the  dead,  and  collecled  the  cinders. 
With  a  ftrong  fire  the  amianthus  is  eafily  fufed  into  a" 
coloured  and  opaque  glafs. 
Species. 

1.  Hard  and  grey  afbeftus  in  parallel  filaments; 
woody  afbeitus. 

2.  Afbeitus,  hard  and  green,  in  parallel  filaments. 

3.  Afbeftus,  hard  and  green,  in  bundled  fibres. 

4.  Afbeftus,  in  ftarred  fibres. 

5.  Afbeftus,  in  foft  fibres. 

6.  Hard  amianthus,  in  parallel  and  greenifh  fibres 

7.  Hard  amianthus,  in  parallel  and  white  fibres. 

8.  Amianthus,  in  white  brilliant  bundles. 

9.  Amianthus,  in  hard  yellow  bundles  j  amianthus 
not  foft. 

2  10.  White 
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Species.  . 

10.  White  flexible  amianthus ;  foft  amianthus. 

1 1 .  Grey  amianthus. 
11.  Mountain  flefh. 

13.  Mountain  leather. 

14.  Mountain  cork. 

LECTURE  X. 

§  2-    Compound  Earths  and  Stones- 

HTHE  eye  cannot  diftinguifh  them  from  thofe  of  the 
firft  fection-  With  refpect  to  their  character  of 
compofition,  they  are  formed  of  a  homogeneous  mat- 
ter, almoft  always  coloured,  often  opaque,  fometimes 
tranfparent-  The  moft  of  them  are  regularly  cryftal- 
lizcd.  Their  form,  their  colour,  ferve  to  diftinguim  the 
genera-  They  are  all  very  fufible,  and  produce  glafies 
of  a  different  nature-  Their  fracture  is  fometimes  vi- 
treous, fometimes  flinty.  They  are  fubftances  in  which 
nature  has  combined  together  earths,  falts,  and  metals. 

M.  Bucket  divided  thefe  {tones  into  two  orders  :  la 
the  firft  he  comprehended  the  earths  and  {tones  coru- 
pofed  by  water  j  to  which  he  gave  the  characters  pe- 
culiar to  the  products  of  this  element.  In  this  order 
he  ranked  two  genera,  viz-  the  ochres  and  the  zeolite. 
In  the  fecond  he  placed  the  fchorl,  the  macks,  the 
trap,  the  azure  ftone,  the  fufible  precious  {tones,  the 
cryftals  of  volcanos,  the  glafles  of  volcanos,  the  pumice 
{tones-  He  thought  thefe  eight  genera  of  ftones  form- 
ed by  the  action  of  fire-  We  think  we  ought  to  relate 
the  ideas  which  this  celebrated  chemift  had  formed  on 
the  nature  and  divifion  of  the  {tones ;  but  as  the  di- 
ftinguifliing  character  of  thefe  two  orders  is  not  yet 
founded  on  numerous  and  conclufive  proofs,  as  M. 
Bucquct  himfelf  had  propofed  them  only  by  way  of 
hint,  we  {hall  here  relate  the  hiftory  of  the  genera,  one 
after  the  other,  without  following  this  divifion- 

Ge- 
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Genus  I-  Ochres- 
The  ochres  are  lefs  diffufible  through  water  than  the 
clays ;  they  are  friable,  and  (lain  the  ringers  ;  they  are 
coloured  by  metallic  fubfhances.  When  we  urge  them 
with  the  fire,  their  colour  lofes  its  intenfity  :  they  fufe 
with  a  violent  heat.    It  is  ufed  in  painting. 

Species. 

1.  Yellow  ochre  ;  ochre  of  rue. 

2.  Red  ochre,  bloody,  red  crayon. 

3.  Green  ochre,  earth  of  Verrone- 

4.  Brown  ochre,  earth  of  ombre- 

Genus  II.  Zeolite- 

The  zeolite,  for  the  firft:  time .  defcribed  by  M. 
Cronftedt,  is  a  (tone  formed  of  needles,  which  diverge 
from  a  common  centre.  It  does  not  ftrike  fire  with 
fleel,  nor  effervefce  with  the  acids  :  itfufes  like  borax 
with  a  gentle  heat ;  it  bubbles  up,  and  gives  a  tranfpa- 
rentglafs.  If  it  is  diftilled  in  a  retort,  we  obtain  agood 
quantity  of  water-  The  refiduum,  according  to  M. 
Bergman,  contains  filiceous  earth,  argillaceous  earth, 
and  magnefia.  M.  Bucquet,  who  made  a  very  complete 
analyfis  of  it,  found  in  it  very  little  filiceous  earth,  and 
a  particular  earth  which  is  neither  argillaceous  nor  cal- 
careous ;  which  forms  with  the  vitriolic  acid  a  cryftal- 
lizable  fait,  in  fmall  brilliant  fpangles,  like  thofe  of  fe- 
dative  fait-  Thefe  two  earths  are  cryftallized  together 
by  the  aid  of  the  water,  which  makes  up  more  than 
one-eighth  of  it ;  forM.  Bucquet  extracted  a  grofs  and 
a  half  of  water  from  an  ounce  of  white  zeolite  of  the 
ifland  of  Feroe.  The  property  of  making  a  gelly  whit 
the  acids  is  not  peculiar  to  it,  fince  it  is  found  in  the 
azure  (tone,  tin,  feveral  minerals  or  iron.  We  are  un- 
acquainted with  its  origin  and  formation  :  it  is  found 
in  abundance  in  volcanic  productions.    We  know  five 

fpecies  of  it. 
Species. 

j.  White  zeolite,  in  tranfparent  bundles. 
2.     ,  in  compact  bundles. 

3.  Red 
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Species. 

3.  Red  zeolite. 

4.  Green  zeolite. 

5.  Blue  zeolite* 

The  red,  green,  and  blue,  have  not  been  examined  3 
and  they  have  only  the  tranfparency  of  the  zeolites. 

Genus  III.  Schorl. 

Schorl  is  a  deep-coloured  ftone,  being  violet,  black, 
or  green,  rarely  white,  very  brittle,  and  ftrikes  fire  with 
Heel.  _  It  eafily  fufes  into  a  black  and  opaque  glafs.  It 
contains, according  to  M.  Bucquet,fome  clay  and  earth 
combined.  M.  Daubenton  places  it  among  the  ftones 
which  contain  the  quartzy,  aluminous  and  calcareous 
earths.  He  found  in  the  heart  of  the  fchorls  bubbles 
refembling  thofe  we  obferve  in  the  flags  of  glafs- 
houfes.  We  are  not  well  acquainted  with  its  origin. 
Some  perfons  think  it  a  volcanic  production,  becaufe 
it  is  frequently  found  where  volcanos  have  been  :  But 
it  is  alfo  found  among  matters  thai,  have  been  overflowed 
with  waters. 

Species. 

i.  Violet  fchorl,  cryftallized. 

2*     j  in  fibrous  maffes. 

3.  Black  fchorl,  in  prifms  with  four,  fix,  eia-ht  or 
nine  faces,  with  pyramids  with  two,  three  or 
four  fides  j  as  alfo  the  violet  fchorl. 

4.  Black  fchorl  in  maffes. 

5.  Green  fchorl,  in  lamellated  maffes. 

6.  White  fchorl,  bluifh. 

7.  Electric  fchorl,  of  a  yellow  reddifh ;  tourmaline. 

Genus  IV.  Macks. 
By  this  name  we  underftand  prifmatic  ftones,  opaque 
of  a  dirty  colour,  often  of  a  very  regular  form  -  Their 
ana  yfIS  made  by  M.  fi  *    ^     *>nn    1  he  r 

Specif2  '  C°mp0Und  of  clay  and  iron.  '  ' 

1.  Threcfided  made,  whofe  impreffion  bears  the 

figure 
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figure  of  a  crofs.  M.  Daubcnton  thinks  it  a 
petrifaction,  and  does  not  range  it  among  the 
ftones.  Are  they  not  perhaps  petrified  vertebra:  ? 
2.  Lapides  cruces,  macles  of  Brittany  ;  hexacdral 
prilms,  joined  and  laid  acrofs  by  the  middle 
like  branches  of  a  crofs.  They  are  found  in 
the  leaves  of  yellow  mica  :  The  two  branches 
never  crofs  at  a  right  angle. 

Genus  V,  Trap. 
The  trap  is  a  hard  ftone,  of  a  fine  grain,  of  a  leafy 
and  angular  fracture  like  the  fteps  of  a  flair.  It 
is  of  a  deep  green  colour,  inclining  to  black,  often 
ochry  :  It  is  very  heavy  ;  ftrikes  fire  with  fteel :  itfufes 
into  a  blackifli  glafs-  It  is  always  covered  with  a  kind 
of  rind  fofter  than  its  own  fubftance.  It  is  formed  of 
clay  and  iron,  which,  according  to  M.  Bucquet,  is  to 
the  clay  in  the  proportion  of  25  lb.  in  the  100  ;  fo 
that  it  might  be  regarded  as  a  mineral  of  iron.  M. 
Daubenton  'places  it  among  the  hard  and  fparkling 
fchifti-  We  know  only  one  fort  of  trap,  which  has  been 
juft  defcribed. 

Genus  VI.    Azure  Stone,  Lapis  Lazuli  (by. 

Its  colour,  the.finenefs  -of  its  grain,  and  its  analyfis, 
which  has  demom'lrated  it  to  contain  iron,  occafion  its 
being  ranked  at  the  end  of  the  preceding.  There  are 
three  fpecies  of  it. 

Orien- 

{*)  Lapis  lazuli  is  much  efttemed  for  the  ufe  it  is  of  in  prepa- 
ring the  pigment  called  ultra-  ?narir.e.  This  pigment  affords  the 
mod  beautiful  blue  colour  which  painters  have  ever  been  able  to 
obtain,  befhles  enjoying  the  farther  advantage  of  being  extremely 
durable.  On  thele  accounts  it  is  in  great  reputation,  and  fold  at  a 
confiderable  price  from  the  trouble  of  preparing  it.  The  ftone  it- 
felf  is  of  a  deep  mazarine  blue,  interfperfed  with  yellow  vJns,  which 
fhine  like  fpangles  of  gold.  This  beautiful  diveriity  is  owing  to  the 
prefence  of  fome  martial  pyrites.  The  colour  of  the  ftone  was  fup- 
pofed  to  depend  upon  the  admixture  of  copper,  until  Mr  Mar^raaf 
clearly  proved  the  exiftence  of  iron,  and  that  no  copper  entered  into 
the  compofuion.  It  is  imported  from  Cyprus  and  Perfia  by  the 
Venetians  ;  and  Pere  du  Halde  fayp,  that  lapis  lazuli  is  to  be  found 
in  great  abundance  in  the  kingdom  ox  Cinua. 
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Species. 

1.  Oriental  azure  ftone. 

2.  Azure  ftone,  of  a  pale  blue,  and  often  purple. 

3.  Armenian  ftone,  variegated  with  white  and  pale 
blue. 

Mr  Daubenton,  who  ranks  it  among  the  firft  clafs  of 
the  (tones  which  ftrifae  fire  with  iteel,  made  it  an  ar- 
ticle apart,  under  the  title  of  Stone  which  contains  cal- 
careous and  quartzy  earths. 

Genus  VII.    Cryftals,  fnfible  Gems. 

The  chemical  differences  which  are  found  between 
the  different  fpecies  of  precious  Hones,  or  ftone  gems, 
have  led  us  to  feparate  them  from  one  another,  and  to 
refer  each  of  them  to  the  feclions  and  orders  to  which 
theyfeem  to  belong  ;  thofe  which  we  place  here  are 
manifeftly  compounded.  M.  Bergman  has  found  fe- 
veral  fubftances  in  them  ;  inch  as  the  filiceous  earth, 
clay,  lime,  magnefia,  and  metallic  calxes.  All  thefe 
Hones  are  fufible,  and  compofed  of  laminae  5  their  frac- 
ture is  lamcllated. 
Species. 

1.  Aqua  marina. 

2.  Emerald. 

3.  Chryfolite. 

4.  Ruby. 

5.  Vermilion. 

6.  Oranate. 

Genus  VIII.    Cryftals  ofVolcanos. 

We  give  this  name  to  the  fpecies  of  regular  ftones, 
tranfparent,  coloured,  and  like  to  the  gem  cryftals,  but 
which  do  not  feem  to  have  their  hardnefs  and  brilliancy. 
They  are  found  in  the  cavities,  formed  by  the  union 
or  lmall  brilliant  particles  of  the  fame  nature,  aggluti- 
nated. They  are  found  in  the  neighbourhood  of"  vol- 
canos  ;  but  we  do  not  know  if  they  are  formed  by  the 
lire.    Ot  them  we  admit  three  fpecies. 

VoL>  h  K  Spe- 
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Species. 

1.  Volcanic  cryfolite,  in  cryftals  with  many  fide  J 
of  a  golden  green. 

2.  Volcanic  hyacinth,  in  cryftals  with  many  fide: I 
of  an  orange  yellow. 

3.  Volcanic  granates :  they  greatly  refemble ifolatecH 
granates,  but  they  are  irregular,  and  fet  in  bril- 
liant flones,  or  kinds  of  lavas,  like  the  two  pre 
ceding. 

Genus  IX.    Pumice  Stones. 

The  mod  part  of  pumice  (tones  appears  to  be  ar;J 
aflemblageof  vitreous  filaments,  twifted  like  threads  up;- 
on  a  clue.    It  is  a  real  combination  of  different  fub-- 
flances,  fuled  by  the  volcanic  fire.  We  may  diftinguifii 
four  fpecies  of  pumice  Hones,  each  of  which  prefents 
a  great  number  of  varieties. 

Species. 

1.  Pumice-flone,  white,  fibrous. 

2.  ,  coloured,  fibrous. 

2«  9  cellular  and  light. 

4.  ,  cellular  and  compact. 

Genus  X.    Glafs  ofVolcanos. 

The  glaffes  fufed  and  thrown  out  by  the  volcanos-- 
are  formed  of  earthy  and  faline  matters,  coloured  byv 
iron  or  fome  other  metallic  fubflance  :  They  are  true: 
chemical  combinations,  made  by  nature  in  the  dry  way.. 

Species. 

j.  Greenifli,  cellular  glafs. 

2.  Blackifh  glafs,  cellular  or  in  agglutinated  fibres.. 

3.  Black  glafs,  very  fine  and  traniparent;  agate  oft* 
Iceland  ;  lapis  oblidionalis  of  the  ancients. 

LECTURE  XI. 

§3.  Mixed  Earths  and  S ton rs. 

nST^HE  character  of  the  flones  of  this  fection  may  be 
*M.    eafily  known.  We  need  only  to  infpccl  the  mixture- 
oi  the  diferent  matters  of  which  they  are  formed,  par- 
ticularly I 
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ticularlv  when  we  compare  them  with  thofe  of  the  two 
preceding  fections.  We  have  already  fully  remarked, 
that  in  order  to  analyze  them,  we  mud  feparate  the 
different  fubftances  which  compofe  them  by  the  ham- 
mer; then  we  find  in  them  the  fimple  (tones  combined 
with  the  compound  (lories.  If  we  expofe  thefe  (tones 
.entire  to  the  action  of  the  fire,  they  all  fufe,  more  or 
lefs  eafily,  into  a  glafs  of  different  colours,  in  propor- 
tion as  the  mixture  is  more  or  lefs  perfect,  and  the  na- 
ture of  the  fubjects  which  conflitue  this  mixture. 

It  appears  that  nature  has  formed  them  by  the  ap- 
proximation of  the  different  fubftances  found  in  them, 
and  that  this  approximation  has  been  made  by  water  or 
fire.  This  is  the  reafon  why  M.  Bucquet  was  induced 
to  divide  this  third  fection  into  two  orders,  like  the 
preceding  :  the  firft  order  comprehends  the  ftones  mix- 
ed by  the  water ;  and  the  fecond,  thofe  by  the  fire. 
This  divifion  is  founded  on  many  more  facts  than  that 
of  the  fecond  fection  j  we  therefore  admit  it  with  more 
confidence. 

Order  I.  Earths  and  Stones  mixed  by  Water. 
Gen  us  I.  Flint  Stone  or  Rock  Stone. 

By  this  name  the  naturalifts  underftand  a  (tone  of 
a  middle  hardnefs,  between  that  of  foft  ftones  and  flint, 
M.  Daubenton  has  placed  it  among  the  vitreous  ftones, 
becaufe  it  gives  fome  fparks  with  fteel,  and  has  a  vi- 
treous fracture  fometimes  a  little  flinty,  Flint  ftone 
has  a  femitranfparency,  refembling  that  of  wax ;  it  is 
dull  and  without  any  brilliancy  ;  it  has  alfo  a  fmall 
appearance  of  tallow  :  its  grain  is  very  fine  and  very- 
compact ;  it  is  found  in  large  mattes,  often  in  beds 
differently  variegated,  applied  to  one  another.  M.  Buc- 
quet gave  it  as  a  chemical  character  its  fufing  into  an 
opaque  glafs  :  its  mixture  is  nothing  near  fo  apparent 
as  that  of  the  following  genera  ;  it  feems  to  poflefs  the 
characters  of  the  compound  (tones,  wherefore  we  place 
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it  at  the  head  of  the  third  feftion;  it  may  be  an  inter- 
mediate ftate  between  thefe  two  divisions 

The  form  of  its  layers,  the  matters  which  it  fre- 
quently contains,  and  particularly  the  maffes  of  it  in 
the  heart  of  the  earth,  mow  that  it  owes  its  formation 
to  water. 

Species. 

1.  Grey  flint  (lone. 

2.  Reddifh  flint  ftone. 

3.  Greenifh  flint  ftone. 

4.  Brown  flint  ftone. 

5.  Black  flint  ftone. 

6.  Stained  flint  ftone. 

7.  Veined  flint  ftone. 

Genus  II. 

The  pudding-ftone  is  a  mixture  of  flints  united  by  a 
cement  of  a  different  nature.  This  cement  is  either  of 
the  nature  of  free  ftone,  or  is  argillaceous,  or  ochry  : 
it  is  fometimes  hard  and  like  flint- 
Its  formation  is  nor  equivocal ;  it  is  owing  to  the 
water;  it  is  conftantly  found  at  the  fea  fhore,  or  in 
places  which  have  been  covered  by  the  water,  and 
which  they  have  for  fome  time  left. 
Species. 

U  Pudding-ftone,  fandy. 

2.     ,  ochry. 

3.     -,  argillaceous. 

Spe- 

(a)  It  is  necefTary  to  obfervc,  that  thefe  characters,  drawn  from 
the  aft  ion  of  the  fire  on  thefe  ftones,  are  founded  on  the  experi- 
ments made  by  M.  !e  Due  de  la  Rouchefoucault  and  by  M.  Buc- 
<jnet,  in  an  excellent  filling  furnace,  properly  con(iruc"led  in  the 
laboratory,  which  the  di(lin«iiifhrd  lover  of  chemiiiry  juft  now 
mentioned  deib'nes  for  inquiries  the  mod  proper  to  advance  the 
knowledge  of  the  fcience.  I  have  examined  the  greateit  part  of  the 
reltflts  of  this  work,  which  will  one  day  be  communicated  to  the 
public;  it  will  confirm  the  elegant  fet  of  experiments  made  by  M. 
d'Arctt,  and  will  add  to  them  feveral  facls,  which  will  ferve  as 
rroofs  of  the  chemical  characters,  with  which,  according  to  M. 
Bucquef,  I  propofe  to  clafs  the  ftones. 
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Species. 

4.  Pudding- (lone,  filiceous. 

r.      mixed  with  agate,  fufceptible  of 

fineft  polifh. 

Genus  III.  Granule. 

The  granate  is  formed  of  three  ftony  matters,  in 
fragments  more  or  lefs  large,  united  to  one  another- 
Thefe  three  fubftances  are,  quartz,  felt  fpar,  and  mica. 

It  ftrikes  fire,  with  fteel  on  account  of  the  quartz  and 
felt  fpar  which  it  contains;  its  fracture  is  irregular,  and 
in  coarfe  grains  ;  it  is  fufible,  but  in  different  degrees, 
according  to  the  refpective  quantity  of  the  three  mat- 
ters which  form  it.  It  is  capable  of  receiving  more  or 
lefs  lively  polifli,  according  to  the  finenefs  of  its  grain 
and  the  hardnefs  of  its  principles-  Some  forts  are  al- 
tered and  fpoiled  by  the  air.  This  makes  the  ancient 
granates  be  diftinguifhed  from  the  modern.  The  fpe- 
cies  of  granate  have  been  greatly  multiplied.  We  re- 
duce them  to  the  following. 
Species. 

1.  White  granate. 

2.  Grey  granate. 

3.  Red  granate. 

4.  Brown  granate. 

5.  Green  granate. 

6.  Black  granate. 

7.  Dull  and  friable  granate:  it  has  been  altered  by 
the  air. 

Genus  IV.  Porphyry. 

The  porphyry  is  t  ftone  thick  fet  with  ftains,  upon 
a  red  or  fome  other  coloured  bottom  ;  it  ftrikes  off  a 
good  deal  of  fire  with  fteel-  It  differs  from  the  gra- 
nate in  its  greater  hardnefs,  and  in  its  being  fufcep- 
tible of  a  much  finer  polifli  ;  it  fecms  formed  of  felt 
fpar  and  fborl,  united  by  cement  of  jafper- 

The  parte  which  forms  the  foundation  of  the  por- 
phyry is  very  fine  and  compact.  The  different  frag- 
ments interfperfed  in  it,  are  in  general  much  Smaller 
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than  thofe  of  the  granate.  It  is  fufible,  and  gives  a 
coloured  glafs:  We  may  reduce  all  the  fpecies  to  the 
feven  following. 

Specie*. 

1.  Porphyry,  red,  with  great  (tains. 

2.  Porphyry,  red,  with  fmall  ftains. 

3.  Green  porphyry  with  great  ftains. 

4.  Green  porphyry  with  fmall  ftains. 

5.  Black  porphyry  with  great  ftains. 

6.  Black  porphyry  with  fmall  ftains. 

7  Coarfe  porphyry,  of  a  dirty  red,  almoft  without 
ftains,  a  fea  fliell  :  it  approaches  to  the  nature  of 
free  ftone. 

Genus  V-  Ophite. 

Pliny  gave  the  name  of  ophites  to  the  ftones  ftain- 
ed  like  the  fkin  of  ferpents :  M.  Bucquet  looked  upon 
them  as  fpecies  of  porphyry;  but  harder,  more  ancient, 
and  of  a  much  more  intimate  mixture.  The  ophite 
flrikes  fire  with  fteel ;  its  fracture  is  fine  and  femi-flinty; 
it  fufes  with  fire.  The  principal  forts  which  we  have 
had  occafion  to  fee  are  the  following. 
Species. 

1.  Ophite  of  a  deep  green,  with  large  white  ftains. 

2.  Ophite  of  a  deep  green,  with  oblong  ftains  of  a 
pale  green- 

3.  Ophite  like  the  former,  whofe  ftains  are  very 
fmall,  little  appearing  ;  fome  favage  nations  cut 
it  for  coin.  We  have  given  it  the  name  of  thun- 
dering flone> 

4.  Brown  ophite,  with  irregular  oblong  ftains  of  a 
rofy  white. 

The  origin  of  the  ophites  is  very  obfcure-  We  do 
not  well  know  whether  they  are  owing  to  the  action 
of  water  or  of  fire.  As  they  have  fome  analogy  with  the 
porphyry,  we  have  placed  them  alter  this  ftone* 
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LECTURE  XII. 

Order  II.    Earths  and  Stones  misted  by  the  Fire. 

Volcanic  Producls. 
"ITJE  have  no  doubt  of  the  origin  of  the  fubftances 
which  compofe  this  order,  fince  they  are  always 
found  about  volcanos,  or  in  thofe  places  which  have 
been  formerly  burning-  Befides,  they  prefent  all  the 
characters  of  products  of  fire.  By  joining  the  genera 
which  it  contains  to  thofe  we  have  defcribed  among 
the  compound  {tones,  we  fhall  have  a  complete  view  of 
all  the  volcanic  producls.  We  do  not  comprehend 
under  this  name  all  the  fubftances  found  about  volca- 
nos, and  which  are  not  altered  by  fire  like  the  moft  part 
of  the  (tones  which  we  have  already  defcribed  ;  particu- 
larly the  granate,  the  clays,  as  alfo  feveral  faline  fub- 
ftances:  they  prefent  nothing  particular ;  and  it  would 
De  only  a  ufclefs  repetition  to  infert  here  their  hiftory. 

Genus  I.    Volcanic  Cinders  (b). 

We  have  given  the  improper  name  of  volcanic  cinders 
to  the  earthy  powdery  matters  which  are  found  about 

K  4  vol- 

(*)  Volcanos,  in  the  time  of  eruption,  ejeft  a  vaft  variety  of 
fubrtances.  Some  of  thofe  are  the  produces  of  fufion  by  fire  ;  others 
are  common  natural  bodies,  which  have  undergone  no  change  by 
any  fubterraneous  operation.  Such  were  the  fhella  which  mount 
Vtfuvius  threw  out  in  the  eruption  of  the  year  163:.  But 
when  the  heat  has  been  more  intenfe,  the  original  flruc~ture  is 
completely  deftroyed,  and  the  volcanic  matter  is  thrown  out  in  the 
form  of  afhes,  lava,  and  pumice.  The  quantity  of  afhes  is  fome- 
times  fo  prodigious,  as  to  overwhelm  a  whole  country  in  ruin  by  a 
fingle  eruption.  In  this  way  the  towns  of  Herculanenm,  Pompcia, 
and  Stabiie,  were  buried  under  a  mafs  of  afhes  and  calcined  matter 
in  the  year  79. 

The  nature  of  thefe  fubftances  is  very  particularly  defcribed  by 
M.Bergman.  They  confifl  of  a  fpongy  powdtr,  more  or  lefs  dark 
i-r.  the  colour,  and  which  is  fometimes  atlia&ed  by  the  magnet.  It 
commonly  goes  by  the  name  of  Puzzobm  earth,  ico  parts  of  which, 
contain  55  of  an  impure  flint,  20  parts  of  rlay,  5  of  calcareous 
csrth,  snd  20  of  iron.    The  proportion  is  not  quite  uniform  in  ail 

fpect* 
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volcanos.  It  appears,  that  they  owe  their  origin,  either 
o  fubf  ances  m.xed  and  rejected  by  the  volcanos  o 
to  the  lavas  altered  by  the  contact  of  the  air  or  ofwa 

of  clav  andTon1  ^  T"  ^  38  "^nation, 
or  clay  and  iron.  They  often  are  attractable  by  the 
magnet.    We  know  two  fpecies  of  them.  7 

Species. 

i  •  Rapillo,  of  a  blackifh  grey,  found  about  the  craters. 

2.  Puzzolane.  This  fubftance,  which  has  got  its 
name  from  the  city  of  Puzzoli,  where  it  was 
employed  very  anciently,  is  an  argillaceous  earth, 

charged 

fpecimens.  From  this  analyfis  Puzzolane  earth  feems  to  be  a  fer- 
ruginous clay  altered  by  the  adion  of  the  fub.erraneous  fire. 
Arch.teas  make  great  ufe  of  Puzzolane  earth  in  the  conftrudion 
ot  buildings  under  water,  on  account  of  the  property  it  poffefles  of 
concreting  into  a  folid  (tone  foon  after  the  mixture  with  quick- 
lime. The  tufa  of  the  Italians  is  this  fubftance,  compaaed  into  a 
coherent  mafs  in  the  courfe  of  many  years. 

TVue  pumice-ftone  confifts  of  flender,  parallel,  fragile  fibres,  and 
being  full  of  cavities,  very  much  refembles  the  texture  of  a  fpon^e 
and  is  fo  light  as  to  float  on  the  furface  of  water.  Acids  difiolve 
8  or  jo  parts  m  ioo,  chiefly  magnefia,  with  a  fmall  admixture 
or  calcareous  earth;  the  remainder  is  entirely  filiceous.  This  pro- 
portion of  ingredients  approaches  nearly  to  the  compofition  of 
afbeftus  ;  from  which  it  is  probable  the  pumice  has  been  formed. 

Lava  is  the  name  given  to  the  ignited  currents  of  liquid  matter, 
which  flows  from  volcanos.    The  extent  of  ground  which  they 
fometimes  cover  is  quite  incredible.    An  eruption  of  lava  came 
from  mount  Hecla  in  Iceland  90  miles  long  by  40  broad.  The 
accounts  of  this  inundation  which  have  lately  arrived,  bear  great 
marks  of  authenticity.    The  appearance  of  lava  varies  according  to 
the  violence  of-  the  fire  10  which  it  has  been  expofed.    That  fub- 
jtded  to  the  moft  intenfe  heat  is  fufed  into  perfect  gbfs:  Some  is 
reduced  into  a  femivitrefied  mafs,  and  the  remainder  is  left  parous 
from  the  want  of  fufficient  fluidity  to  permit  the  efcape  of  the  air. 
B<u  whatever  may  have  been  the  ftate  of  liquefa&ion,  the  propor- 
tion of  the  component  parts  is  the  fame  in  all,  being  69  parts  of 
flint,  22  parts  of  clay,  and  9  parts  of  iron.    The  colour  ot  lava  is 
in  general  black  or  dark  grey,  although  fhapelefs  pieces  are  fome- 
times found  tranfparent  and  tinged  with  colour,  and  which  in  bril-  I 
liancy  and  hardnets  almoft  equal  the  gems.    Every  kind  of  lava  is 
hard  enough  to  ftrike  fire  with  ftecl. 

The  th  ree  fubftances  mentioned  commonly  compofe  the  matter 
which  is  cjeftcd  ;  the  other  fubftances  are  more  accidental. 
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charged  with  iron,  and  of  different  colours,  ac- 
cording to  the  ftate  of  this  metal.  There  is  grey, 
yellow,  red,  brown,  and  black  Puzzoktne  It 
fufes  into  a  black  enamel:  It  is  very  u'tful  to 
make  a  kind  of  mortar,  which  has  the  property  of 
hardening  in  the  fire.  M.  Foujas  de  Saint  Fond 
found  it  in  Vivarais-  He  thinks  that  thefe  earths 
are  formed  by  the  alteration  and  deftructicn  of 
the  porous  lavas,  and  even  of  the  bafaltes.  This 
obferver  has,  in  his  refearches  upon  Puzzolane, 
detailed  the  proceffes  for  formation  in  the  water 
and  with  the  air  with  this  fubftance. 

Genus  II.  Lavas. 

This  name  is  given  to  the  fubftances  fufed  and  femi- 
vitrefied  by  the  voicanos.  They  are  mofi  frequently 
thrown  out  on  the  fides  of  the  mountains  with;  which 
the  infide  is  filled.  The  matters  form  burning  rivers, 
which  fometimes  flow  to  a  very  great  diftance,  and  ra- 
vage and  deflroy  all  the  places  over  which  they  pafs. 
Their  heat  and  fize  are  fo  confiderable,  that  they  cool 
only  very  llowly,  and  only  in  feveral  years.  When  they 
cool,  they  fpiit  and  feparate  into  maffes,  which  fome- 
times prelent  regular  forms.  Cabinets  contain  a  great 
number  of  varieties  of  thefe  ftoncs.  They  are  in  ge- 
neral compofed  of  a  pafte  ci  a  more  or  lefs  deep  gi  ey, 
of  a  grain  and  hardnefs  very  varied  ;  in  which  cryflals 
on  irregular  fragments  of  fchorl,  granates,  glafs,  &c. 
are  found,  which  conftitute  a  true  mixture.  It  is  im- 
poihble  to  fix  the  general  characters  of  the  lavas,  as 
they  all  differ  in  their  grain,  their  coherence,  their 
bardnefs,  their  colour,  &c.  In  general  they  are  all  very 
fufible,  and  give  a  kind  of  black  enamel,  refembling 
the  glafs  of  voicanos.  M.  Cadet  has  found  in  them 
clay,  iron,  copper,  and  quartz. 

i .  Ten 
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Species. 

1 .  Tender  lava,  of  different  colours,  with  cryftals 
or  black  fchorl, 

2.  Tender  lava,  of  different  colours,  with  cryftals 
or  green  fchorl. 

3.  Tender  lava,  of  different  colours,  with  cryftals 
of  white  fchorl. 

4.  Reddifh  lava,  with  blackifli  cryftals. 

5.  Yellowifh  and  faline.lava. 

6.  Tender  lava,  with  cryftals  of  granate. 

7.  Cats-eye  and  porous  lava. 

8.  Porous  grey  lava  ;  Vol  vie  ftone. 

9.  Tender  blackifli  lava,  with  white  cryftals. 

10.  Grey  lava,  a  little  compact,  fet  with  twelve-ftded 
chryftals,opaque,  or  with  granates  altered  by  the 
fire. 

1 1.  Ancient  lava,  of  a  blackifli  grey,  fet  with  deeper 
ftains. 

Genus  III.    B a/a  lies. 

Nothing  is  lefs  accurate  in  the  books  of  the  natural- 
ifts  than  that  which  they  have  defcribed  by  bafaltes. 
Under  this  name  feverals  have  confounded  the  fchorls* 
the  granates,  with  the  true  bafaltes.  We  cannot  find 
any  where  a  good  definition  of  this  word.  Som^  have 
thought  them  volcanic  products  ;  others  fuppofed  them 
formed  by  water.  From  the  obfervations  of  M.  Def- 
marets^we  think  we  ought  to  adopt  the  firft  opinion. 
For  a  diftincl  character  of  the  bafaltes,  we  may  give 
their  regular  form,  a  perfect  opacity,  to  confideiable  a 
hardnefs  that  they  ftrike  fire  with  fteel ;  a  grey  cindry 
colour,  inclining  a  little  to  black,  and  a  manifeft  mix- 
ture of  fmall  vitrified  fragments,  generally  more  colour- 
ed.   The  bafaltes  are  fufible. 

In  this  genus  there  are  ftones  of  an  enormous  fize, 
and  collected  into  very  confiderable  mafles,  whofe  for- 
mation feems  to  refer  to  the  greateft  antiquity. — 
1.  Thefe  are  they  which  form  the  Giants  Cauieway 
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in  the  county  of  Antrim  in  Ireland:  2.  The  rock  of 
Pereneire,  before  St  Sandoux  in  Auvergne,  very  well 
defcribed  by  M.  Defmarets.  Thefe  {tones  are  fymme- 
trically  arranged  at  the  fide  of  one  another.  Their  ana- 
lyfis  has  as  yet  not  been  very  completely  made,  fo  as  to 
be  able  to  fay  any  thing  certain  about  their  nature-  It 
feems  that  they  are  only  lavas  cryftallized  by  a  flow 

cooling- 
Species. 

i-  Bafaltes  in  polygonal  prifms,  very  long,  and 
without  a  regular  pyramid. 

2.  Bafaltes  in  fhort  prifms,  and  truncated,  with 
three,  four,  five,  or  feven  fides. 

3.  Bafaltes  in  fhort  prifms,  polygonal,  terminated 
by  a  fuperior  concavity  and  by  an  inferior  con- 
vexity j  articulated  bafaltes- 

Genus  IV-    Scori<z  of  Lavas. 

The  fufed  matter,  which  conftitutes  the  lavas,  is  a 
mixture  formed  of  feveral  heterogeneous  fubftances,  of 
a  different  deniity  and  weight-  Its  flow  cooling  gives 
occafion  to  the  feparation  of  thefe  fubftances,  according 
to  the  order  of  their  weight-  This  is  the  origin  of  the 
formation  of  the  fcoriae  of  lavas-  They  are  bodies 
often  fpongy,  which  have  not  undergone  fo  complete  a 
fufion  as  the  lava,  and  which  have  been  raifed  to  the 
top  of  it  by  their  lightnefs-  As  for  the  reft,  they  feem 
to  be  or  the  lame  nature,  and  differ  only  in  a  lefs  per- 
fect mixture.  In  them  are  found  cryftals  of  fchorl  and 
of  granates,  as  in  the  lavas. 

Spicies. 

1 .  Weighty  volcanic  fcorice,  of  a  compact  texture. 

2.  Volcanic  fcoricC,  black  and  cellular. 

3.     ,   and  fpongy. 

4.  Volcanic  fcoriaz,  black. 

5.  Volcanic  fcorias,  yellow  and  ochry. 

6.  Volcanic  fcoriaj,  reddifh. 

Genus 
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Genus  V.    Volcanized  Subflatices. 

We  give,  along  with  M.  Daubenton,  the  name  of 
volcanized  fitbflances  to  thofe  altered  by  the  aftion  of 
the  fire.  The  three  genera  hitherto  examined  are  en- 
tirely formed  by  the  volcanos ;  but  thofe  which  com- 
pofe  this  fourth  are  ftill  very  diftinguifhable,  for  being 
able  to  be  referred  to  the  two  preceding  fections.  They 
have  only  been  either  calcined,  baked,  orfemivitrified  : 
Such  as, 

I.  Schorl.  It  has  loft  its  polifh  :  It  frequently  (hows 
round  bubbles  like  flags,  which  indicates  a  vitrification. 

2-  Quartz-  It  is  friable  and  opaque,  or  full  of 
flaws,  and  alfo  a  little  tranfparent. 

3.  The  granite.    It  is  lefs  hard,  and  as  if  calcined- 

4.  The  grenat.  Expofed  to  a  gentle  fire  it  becomes 
white  opaque,  fometimes  hard,  often  fo  very  friable  as 
to  fall  into  powder  as  foon  as  touched.  The  twelve- 
fided  form  which  it  preferves,  or  the  cavity  which  it 
leaves  in  the  ftones  which  have  enveloped  it,  always 
diftinguilh  it.  Some  authors  have  called  it  impure  or 
unripe  grenat. 

Second  Class  of  Minerals'. 
SALINE  SUBSTANCES: 

Chemists  have  given  the  character  of  faline  to  every 
fubftance  which  pofleffes  tafte  and  folubility  in  water. 
But  as  thefe  two  characters  are  found  in  many  fubftan- 
ces  which  are  not  faline,  recourfe  muft  be  had  to  other 
properties,  in  order  to  defign  this  fecond  clafs  of  mine- 
rals. We  believe  that  the  four  following  properties 
may  be  admitted  as  diftinct  characters  of  the  faline  fub- 
ftances  :  tafte,  folubility  in  water,  a  more  or  lefs  re- 
markable tendency  to  combination,  and  a  perfect  ki- 
combuftibility. 

Thefe  four  properties,  however,  do  not  prevail  equally 
in  all  the  falts ;  of  confequence,  before  examining  thefe 
fubftances  in  particular,  we  muft  fix  our  ideas  upon  the 
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charafters  which  we  aflign  to  them,  that  we  may  clearly 
diftinguiih  all  their  varieties. 

§  1.  OfTaJle,  confidered  as  a  characler  of  the  Saline 

Sub/lances. 

Taste  is  nothing  but  a  fenfation  excited  upon  the 
organ  of  tafte  by  the  fapid  body.  rl  his  property  has 
been  looked  upon  as  fo  peculiar  to  faline  fubftances, 
that  feveral  philofophers  have  ranked  among  them  all 
the  bodies  which  have  tafte  :  However,  it  is  not  far  from 
being  the  fame  in  all.  Some  have  a  very  ftrong  tafte, 
fo  ftrong  as  to  corrode  and  deftroy  our  organs  ;  then  it 
receives  the  appellation  of  .caujlicity,  and  the  bodies 
which  have  it  are  called  cau/lic.  The  tafte  of  others, 
although  fenfible,  and  capable  of  producing  remarkable 
changes  in  the  animal  ceconomy,  is,  however,  far  from 
being  able  to  derange  and  alter  the  texture  of  parts. 
This  middle  tafte  commonly  leaves  on  the  tongue  a  va- 
ried impreiiion,  which  has  been  called  by  feveral  names, 
as  bitternefs,  afirhgency,  &c.  Laftly,  fome  falts  appear 
ablolutely  to  want  tafte,  or  only  to  poffefs  it  in  a  very 
fmall  degree. 

All  thefe  fenfations,  more  or  lefs  perceptible,  appear 
to  be  only  different  degrees  of  the  fame  property.  If, 
then,  we  want  to  penetrate  into  the  knowledge  of  their 
caufe,  we  will  do  it  with  more  certainty  and  more  faci- 
lity, by  inveftigating  that  tafte  which  is  the  moft  pun- 
gent. The  name  of  cau/lic  has  been  given  to  thofe 
fubftances,  the  tafte  of  which  is  fo  ftrong  as  to  redden 
our  organs,  becaufe  their  a&ion  refembles  much  that 
of  active  heat.  Chemifts  have  entertained  different 
opinions  on  the  caufe  of  caufticity.  Lemery  thought 
that  it  was  owing  to  the  introduction  of  fire  into  the 
pores  of  the  cauftic  fubftance.  M.  Baume  adopted  the 
fame  opinion.  But  as  the  fluid  called  fire  by  Na- 
tural'! lb,  has  not  been  at  all  underftood,  we  cannot  ad- 
mit this  fyftem. 

Meyer,  an  apothecary  of  Ofnaburg,  endeavoured  to 
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prove  by  a  fet  of  experiments,  that  the  caufe  of  cauftd 
city  confifted  in  the  union  of  a  mixt  or  of  an  acid,  which, 
he  called  caufticum,  or  acidum  pinyte,  and  which  he  fup-J 
pofed  to  come  from  fire.  According  to  this  chemiftj 
when  this  acid  was  combined  in  lime,  it  paffed  from  it: 
into  the  alkalis.  He  has  by  no  means  demonftratedi 
the  prefence  of  this  fubftance  ;  and  befides,  Dr  Black,, 
by  conclufive  experiments,  which  have  fince  been  re-- 
peated  by  every  chemift,  has  proved,  that  in  the  reci- 
procal aftion  of  lime  and  the  alkalis,  decompofitions. 
take  place,  of  which  Meyer  had  riot  the  flighteit  idea. 

M.  Macquer  thought  that  caufticity  confifted  only  im 
the  effort  which  the  fapid  body  makes  to  combine  with; 
our  organs,  and  in  the  very  aft  of  this  combination. 
This  fublime  theory,  to  which  it  would  be  impoffible  to 
add  any  thing  after  what  has  been  faid  by  this  learned! 
man  under  the  article  Caufticity  in  his  Chemical  Dic- 
tionary, ftri&ly  correfponds  with  every  fadl  relative  to 
the  tafte  of  faline  matter.    It  is  founded  in  an  eflentiall  I 
manner  on  the  four  following  obfervations. 

1.  The  moil  fapid  fubftances  are  thofe  which  have^B 
the  greateft  tendency  to  combination. 

2.  Thofe  which  have  not  that  quality  have  but  ai 
•weak  tafte. 

g.  A  cauftic  body,  whofe  tendency  to  combination  is; 
fatisfied,  at  the  fame  time  lofes  its  tafte. 

4.  A  cauftic  body  which  exerts  all  its  force  on  our" 
organs,  combines  with  their  proper  fubftance,  deftroys: 
them,  and  accordingly  lofes  its  caufticity.  Nothing  is; 
better  demonltrated  in  phyfic  than  the  caufe  of  tafte,, 
after  the  relation  of  thefe  facts. 

We  think  it  necelfary  to  add  to  the  knowledge  ac- 
quired upon  tafte  in  general,  that  it  is  of  great  impor- 
tance to  phyficians  to  diftinguilh  the  degrees,  as  welH 
as  the  flighteft  varieties,  of  this  property,  upon  which! 
they  can  eftablifh  the  principal  virtues  of  medicines  and 
the  acYion  of  certain  poifons.    With  thefe  views,  we 
propofe  in  our  courfe  a  divifion  of  taftes,  according  ro 
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the  fenfibility  of  our  different  organs,  upon  which  this 
property,  which  is  much  more  extenfive  than  has  hi- 
therto been  believed,  exercifes  its  action.  The  firffc 
clafs  of  taftes  comprehends  the  bodies  which  act  on  the 
Ikin,  corrode  and  deftroy  it ;  it  includes  all  the  cauftic 
bodies.  rl  he  fecond  clafs  comprehends  the  fubftances, 
the  action  of  which  is  fcarce  fenfible  on  the  fkin,  but 
affects  the  more  delicate  organs,  whofe  epidermis  is  not 
fo  thick  ;  fuch  as  the  mouth  and  tongue.  The  third 
clafs  comprehends  the  bodies,  thetafle  of  which  has  no 
effect  on  the  Ikin  and  tongue,  but  acts  upon  the  very- 
fine  and  very  fenfible  membrane  of  the  ftomach  and 
inteftines  ;  fuch  are  feveral  emetics  and  purgatives, 
which  have  no  tafte  in  the  mouth,  but  commonly  act 
with  great  violence  on  the  organs  of  digeftion-  The 
fourth  and  laft  clafs  comprehends  taftes  the  moft  incon- 
fiderable  and  the  lead  fenfible 

which  we  have  juft  mentioned ;  but  the  action  of  which, 
however,  is  very  remarkable  upon  the  organs  of  fenfi- 
bility, that  is  to  fay,  on  the  brain  and  the  nerves.  Thefe 
are  the  calming  and  narcotic  medicines,  which  never 
polfeis  any  action  but  by  means  of  the  moft  attenuated 
and  volatile  parts,  thofe  which  conftitute  their  odour. 

§2.  Of  Solubility  in  Water ■,  confidered  as  a  Charafler 
of  Saline  Sub/lances. 

Solubility  in  water  has  been  looked  upon  by  che- 
mifts  as  one  of  the  grand  characters  of  faline  matter. 
However,  it  is  not  more  effential  to  it  than  tafte  is,  and 
.both  depend  ablblutely  on  the  fame  caufe.  It  is  found 
fo  confiderable  and  fo  extenfive  in  feme  falts,  that  they 
cannot  be  freed  from  the  laft  portions  of  water  but  by 
the  moft  tedious  and  intricate  proceffes.  Others  pol- 
fefs it  in  a  moderate  degree  only  ;  which  may  be  calcu- 
lated exactly,  as  has  been  done  in  a  great  number  of 
feline  fubftances.  Laftly,  there  are  feme  of  them  in 
which  we  find  almoft  no  folubility  at  all,  and  which  by 
this  difference  vary  much  from  the  former.    From  this 
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property,  however,  Stahl  was  led  to  regard  the  fairs  as 
intimately  combined  with  water  and  with  an  earth. 
This  ground  theory,  adopted  by  M.  Macquer,  and  (up- 
ported  by  every  thing  which  chemiftrycan  furnifli  from 
fads  fuited  to  confirm  it,  in  the  article  Salt  in  the  Che- 
mical Dictionary,  ought  only  to  be  looked  upon  as  a 
iketch,  very  far  from  a  perfed  demonftration,  and 
which  modern  difcoveries  even  feem  to  invalidate,  as 
will  be  mown  in  fome  of  the  following  Lectures. 

§  3*  Qf  the  tendency  to  Combination,  confidered  as  a 
characler  of  Saline  Subjlances. 

If  we  confider  the  whole  clafs  of  faline  fubftances  with 
which  the  mineral  kingdom  prefents  us,  we  will  foon 
perceive,  that  in  all  the  productions  of  nature  there  is 
not  a  more  powerful  agent  than  fome  of  thofe  fubftances. 
Their  tendency  to  combination,  or  their  affinity  of 
compofition,  is  to  great,  that  they  are  capable  of  de- 
ftroying  the  aggregation,  which  is  often  very  ftrong, 
of  a  great  number  of  bodies  ;  fo  that  they  reduce  them 
into  very  fine  molecules,  and  fometimes  into  fluid  fub- 
ftances. 

Such  is  the  action  of  the  moll  part  of  the  mineral 
acids.  In  the  fame  manner  chemifts  employ  them 
every  day  to  great  advantage,  and  have  given  them  the 
name  of  fohents  or  menflrua :  But  in  taking  a  view  of 
the  mineral  falts,  we  are  foon  convinced  that  the  fame 
thing  holds  with  refpecl:  to  this  third  character  as  with 
the  two  fir  ft ;  that  is  to  fay,  that  it  prefents  number- 
lefs  varieties,  and  that  it  is  found  in  degrees  very  dif- 
ferent from  one  another.  In  fhort,  there  are  feveral 
faline  fubftances  which  have  no  remarkable  tafte,  nor 
very  confiderable  foiubility,  nor  ftrong  tendency  to 
combination.  Analyfis,  or  the  method  of  decomposi- 
tion, then,  is  the  moll  certain  means  to  difcover  their 
nature,  and  to  refer  them  to  their  true  clafs.  However, 
though  thefe  three  firft  characters  are  very  iinpercep- 3 
tible  in  fome  falts,  yet  when  compared  with  the  fame 
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properties  obferved  in  the  earthy  or  combti Table  bodies, 
we  will  always  find  in  them  a  more  considerable  power, 
and  we  will  then  be  able  to  determine  their  diftinction ; . 
particularly  if  we  have  recourfe  to  the  examination  of 
:  the  fourth  character,  which  we  are  juft  going  to  men- 
tion. 

§  4.  Of  the  IncombufJibiUty  conftdered  as  a  charaEler 
of  the  Saline  Subftances. 

It  is  more  difficult  to  determine  this  fourth  charac- 
ter than  the  three  firft.  As  yet  no  chemilt  has  confi- 
dered  thefe  fubftances  under  this  point  of  view :  Seve- 
rals  have  even  fuppofed  that  fome  falts,  among  others 
nitre,  pcffefs  a  true  combuftibility.  To  be  certain  that 
they  are  deceived  in  this  point,  and  that  all  the  faline 
mineral  matters  are  perfectly  incombuftible,  it  were  ne- 
eeffary  to  be  much  more  advanced  in  the  hiftory  of 
the  properties  of  thefe  fubftances.  However,  as  we 
fuppofe  this  character  to  be  one  of  the  moft  obvious 
and  moft  efiential  to  be  known  among  the  falts,  it  is 
proper  here  to  prefent  a  brief  account  of  the  doctrine 
which  we  propofe  to  deliver  on  this  fubjecT,  and  which 
fhall  be  clearly  elucidated,  and  abfolutely  put  out  of 
doubt,  in  the  details  which  we  are  to  give  upon  the 
faline  fubftances  in  particular. 

It  is  demonftrated  by  the  nice  experiments  of  M. 
Lavoifier,  that,  after  combuftion,  combufrible  matters 
eave  for  a  refiduum  an  acid  of  a  particular  nature. 

Combuftion  is  nothing  elfe,  as  we  have  explained 
mere  fully,  but  a  combination  of  pure  air  with  combu- 
lible  bodies.  Every  body  which  has  burnt,  that  is  to 
fay,  which  has  combined  with  pure  air,  enters  into  the 
clafs  of  incombuftible  bodies ;  or,  what  is  the  fame 
thing,  its  tendency  to  combine  with  pure  air  is  fatis- 
fied,  and  it  is  no  longer  capable  of  uniting  with  it. 
Thefe  principles  being  once  proved,  if  on  the  one  hand 
it  is  found  that  feveral  falts  are  the  refiduums  of  fede- 
ral combuftible  matters,  and  if  on  the  other  hand  all 
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the  falts  appear  to  contain  pure  air,  and  to  refemble 
confumed  bodies,  it  is  known  why  they  can  be  no 
longer  combuftible.  Thefe  analogies  are  founded  upon 
a  great  number  of  fads,  as  we  mall  explain  more  fully 
afterwards }  and  it  is  clear  they  demonftrate  that  the 
falts  are  very  compound  fubftances,  and  formed  moftly 
by  the  union  of  certain  combuftible  bodies  with  pure 
air.  After  what  has  been  faid,  it  is  very  eafy  to  un- 
derfland  how  this  character  of  incorabuftibility  comes 
to  be  the  molt  certain  and  the  molt  conftant  attendant 
of  faline  fubftances.  With  refpect  to  the  demonftra- 
tion  of  thefe  important  truths,  we  hope  to  render  it 
complete,  by  the  details  which  will  form  the  particular 
hiftory  of  every  one  of  thefe  fubftances. 

§  5.  Of  the  divifion  of  the  mineral  Salts. 

The  number  of  falts  which  the  mineral  kingdom 
comprehends  is  very  great.  Several- of  them  are  the 
production  of  nature,  wnich  forms  falts  by  the  action 
of  fire,  of  water,  of  air,  and  by  the  deftrudtion  of  or- 
ganic bodies :  Eiut  the  greatefl  part  owe  their  forma- 
tion to .  art.  For  the  fake  of  treating  the  hiftory  of; 
them  methodically,  we  think  it  neceffary  to  divide  them 
into  orders,  genera,  and  fpecies,  as  we  have  done  to  the: 
ftones. 

We  comprehend  all  the  faline  mineral  fubftances  in; 
two  orders. 

The  firfl  contains  the  faline  fubftances,  which  are 
called  fimp/e,  and  go  under  the  name  of  primitive  falts.. 

The  fecond  contains  the  fecondary  falts,  compound 
or  neutral. 

Order  I.    Simple  or  primitive  faline  Subflances. 

We  give  the  name  of  primitive  to  thofe  falts  which 
were  formerly  called,  and  which  chemifts  ftill  call, 
fimplc.    But  as  it  has  been  demonftrated  by  accurate' 
experiments,  that  the  molt  part  of  them  are  manifeftly 
compounded,  we  are  of  opinion,  that  the  title  of fimpk 
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lean  no  longer  be  applied  to  them  with  juftice.  The 
[word  primitive  feems  to  defign  them  with  more  exact - 
Inefs,  becaufe  they  conftitute  the  neutral  falts,  which 
[  we  call  fecondary.  We  divide  this  order  into  three 
Lgenera. 

Genus  I.    Saline  earthy  Subjlances. 

By  this  name  we  defign  three  fubftances,  which  hi- 
therto have  been  looked  upon  as  earthy  matters,  but 
whofe  characters  in  fact  refemble  thofe  of  falts.  This 
mixture  of  faline  properties,  fo  remarkably  blended 
with  feveral  earthy  properties,  lefs  obfervable  than  the 
irft,  induced  us  to  place  thofe  fubrtances  before  the 
falts ;  to  make  them  ferve,  to  fpeak  fo,  as  a  chain  be* 
tween  thefe  laft  and  the  earths,  from  which  they  differ 
3y  a  much  ftronger  tendency  to  combination,  as  will 
De  feen  in  the  examination  of  their  properties. 

It  is  of  importance  to  obferve,  that  in  the  examina- 
ion  of  thofe  faline  earthy  bodies,  we  fuppofe  them, 
ike  the  primitive  falts,  to  be  pure  and  detached,  with- 
)ut  even  mentioning  the  means  of.  making  them  fo, 
hat  we  may  not  render  the  elementary  order  complex 
vhich  we  propofe  to  follow.  In  the  hiftory  of  the  neu- 
ral falts,  under  the  article  of  their  decompofition,  we 
hall  defcribe  the  means  which  chemiltry  furnifhes  for 
eparating  thofe  fimple  or  primitive  falts,  and  obtaining 
hem  pure. 

This  fir/l  genus  contains  three  fpecies  of  faline 
;arthy  bodies. 

Species  I.  Terra  Fonder  of  a. 

This  earth  received  its  name  from  Gahn  and  Scheele, 
wo  Swedifh  chemifts,  becaufe,  wHth  the  vitriolic  acid, 
t  forms  a  fait  of  a  very  confiderable  weight,  which  has 
>een  ranked  down  to  their  time  among  the  {tones,  and 
vhich  we  will  examine  in  proper  time.  This  earth  never 
xifts  pure,  but  always  combined.  It  was  difcovered  by 
he  chemifts  we  have  mentioned,  who  looked  upon  it  as  a 
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particular  fubftance.  Margraff  and  Monnct  fuppofecffg 
it  to  be  of  the  nature  of  the  abforbent  or  calcareous.  I 
earth.  Its  properties  have  never  yet  been  well  examin-fl 
ed,  at  leaft  as  a  detached  and  pure  fubftance.  Its  com- j 
binations  have  been  more  ftudied  ;  and  chiefly  in  the  U 
falts  which  it  forms  with  the  acids,  and  in  its  very  An- 
gular affinities,  whereby  it  differs  from  the  other  ana- 
logous fub  fiances. 

The  terra  ponderofa,  obtained  by  means  which  (hall 
be  mere  explained  hereafter,  is  in  the  form  of  a  powder 
of  an  extreme  fincnefs  and  very  great  whitenefs.    It  I 
has  no  perceptible  tafle  upon  the  tongue.    It  is  not  yet  . 
known  whether  it  can  be  changed  by  the  light.  It  does^ 
not  enter  into  fufron  by  the  mofl  violent  fire :  It  gives 
a  blue  colour  to  the  crucible,  and  receives  itfelf  a  flight, 
taint  of  the  fame.    Expofed  to  the  air,  its  weight  aug- 
ments, and  it  combines  with  the  aerial  acid  contained 
in  the  atmofphere-    It  diffolves  in  water,  although  witbr 
confiderable  difficulty,  and  is  obtained  cryftallized  im 
pellicles  on  the  furface  of  that  fluid  by  a  flow  evapoj. 
ration  :  water  charged  with  it,  gives  a  green  colour  too 
the  tincture  of  the  flowers  of  violets  (a).  This  fubftance; 
fufes  with  the  earths,  but  with  very  great  difficulty. 

Thefe  general  properties  of  the  terra  ponderofa,  purca 
and  feparate  from  other  bodies,  have  been  pointed  oul.jj 
by  M-  Bergman  in  his  Differtation  on  Affinities,  and  by  jl 
M.  d'Arcet  in  his  Courfe  of  Chemiftry  in  the  Royal  |j 
College.  As  yet  few  chemilts  have  been  emplovedj 
about  this.  M.  Macquer  has  made  no  mention  of  inn*) 
his  Dictionary  of  Chemiftry.  The  hiftory  of  its  com-  i 
binations  with  the  acids,  of  which  we  will  treat  in  thejj 
ariicle  on  the  neutral  earthy  falts,  will  add  to  thefe  it 

proper- lj 

(a)  By  the  tinftnre  of  violets,  we  mean  a  folation  of  their  co  I 
louring  matter  in  water.  Tliis  tindl'ire,  when  frefn,  ought  to  bi  I; 
preferred  to'  the  fyrup,  which  does  not  by  far  poffefs  the  f.ime  del;  J 
capy.  With  regard  to  other  experiments,  the  fyrup  may  be  em 
ployed  in  all  the  cafes  in  which  the  faline  matters  we  wilh  to  t\i  | 
mine  poffefs  a  certain  force  :  We  will  Kkewife  mention  it  often  n  V 
place  of  the  tin&urc. 
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I  properties,  and  complete  all  which  we  at  prcfent  know 
1  of  the  hiiLory  of  the  terra  ponderofa. 

I  Species  2-  Magnefia  of  the  fait  of  Epfom^pure  or  cauftk. 

I    The  magnefia  of  the  Epfom  fait,  which  is  likewife 
I  found  in  the  mother-waters  of  the  Mine  fubftances,  of 
I  the  fait  pet  re  hillocks,  and  in  a  great  number  of  ftones,  is 
la  powdery  white  fubihmcc,  which  never  exifls  pure  in. 
I  nature.  Dr  Black  is  one  of  the  firft  chemifls  who  has  pro- 
perly didinguilhed  it  from  lime.   This  fubl  Vance,  when 
obtained  by  the  means  which  we  mall  know  more  com- 
pletely  afterwards,  is  in  the  form  of  a  white  powder, 
very  line  and  dry.    It  has  no  fenfible  tarte  on  the 
tongue  ;  but  it  has  an  effect  on  the  ftomach,  fince  it  is 
purgative.    It  gives  a  green  colour,  though  a  very 
flight  one,  to  the  tincture  of  violets. 

According  to  the  obfervation  of  M-xTArcet,  it  does 
not  fufe,  though  expefed  to  a  violent  fire.  M.  Macquer 
has  obferved,  that  it  refills  even  the  focus  of  the  lens 
of  the  Infanta's  Garden-  Morveaux  had  the  fame  re- 
fulr,  after  burning  magnefia  for  two  hours  in  the  mod 
violent  lire  of  Macquer's  furnace.  M-  Butini,  a  citizen 
of  Geneva,  who  lately  pubiiihed  fome  very  nice  inqui- 
ries into  the  magnefia  of  the  Epfom  fait,  obferved  that 
this  fubftanee,  when  llrongly  heated,  contracts,  and 
that  its  particles  condenfe  fo  much  as  to  be  able  in  con- 
fequence  to  attack  and  corrode  the  furface  of  iron. 
When  heated  in  a  retort,  k  only  lofes  the  water  which 
it  may  contain  ;  but  it  acquires  in  thefe  experiments  a 
very  remarkable  phofphoric  property. 

When  expofed  to  the  air,  it  fullers  no  change,  till 
after  the  expiration  of  a  very  long  time.  Mi  Butini 
kept  in  a  dry  chamber  ten  grains  of  calcined  magnefia, 
on  a  porcelain  difli  covered  with  paper:  About  two 
years  after,  its  weight  had  only  mereafed  an  eighth  of 
a  grain. 

It  poffefles  little  folubility  in  water,  and  but  in  a  very 
infijjniftcant  manner  ;  for  four  ounces  two  grofs  of  pure 
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water,  allowed  to  remain  for  three  months  in  a  bottle' 
with  a  grois  of  calcined  magnefia,  and  boiled  with  this 
fubfiance,  gave  to  M.  Buiini,  after  evaporation,  a  pro- 
duel:  eltimated  at  a  fourth  of  a  grain  only- 

The  action  of  magnefia,  on  pure  earths,  is  not  well 
known-  A  mixture  of  magnclia,  clay,  flint,  and  lime, 
melts  with  the  fire.  In  medicine  it  is  ufed  as  an  ab- 
forbent  and  as  a  purgative.  It  ought  to  be  preferred 
to  the  ordinary  magnefia  in  the  cafe  of  acidities  ;  be- 
caufe  the  aerial  acid  which  the  latter  contains,  is  dif- 
engaged  by  the  action  of  the  acids  in  the  prima  via, 
and  produces  flatulency  and  pains.  It  preferves  meat 
a  long  time,  and  even  frelhens  putrified  bile.  M. 
Bergman  afcribes  to  it  the  property  of  rendering  cani- 
phire,  opium,  the  refins  and  gum-refins,  foluble  in  wa- 
ter, and  of  forming  very  ufeful  tindures,  although  the. 
cauitic  magnefia  is  not  foluble  in  water.  Thefe  prepa- 
rations are  unknown  in  France. 

LECTURE    XIII.  ] 

Species  3.  Quicklime. 

T  I M  E  is  a  fubfiance  which  polTcfTes  more  co- 
JL  \  herence  than  the  two  preceding  fubftances  do. 
It  is  generally  found  in  the  form  of  a  itone  of  a  whitifh 
grey  colour.  Its'tafte  is  urinous,  and  ftrong  enough  to 
inflame  the  fkin,  In  this  ftate  it  gets  the  appellation 
of  quicklime.  It  renders  the  fyrup  of  violets  green, 
and  the  colour  which  it  gives  to  it  is  much  deeper  than 
that  which  the  fyrup  receives  from  magnefia.  Lime 
expofed  to  an  intenfe  heat,  fuch  as  that  of  a  glafs- 
houfe,  fufes  into  a  yellow  and  tranfparent  glafs. 

Expofed  to  the  air  it  fwells,  fplits,  and  turns  into 
powder  ;  it  is  called  lime  flacked  by  the  air :  its  weight 
is  augmented ;  it  has  attracted  water  and  a  little  aerial 
acid  from  the  atmofphere;  it  has  no  longer  a  very  ftrong 
tafte. 

Lime  diffolves  in  water  j  it  requires  85  parts  of  this 
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U  fluid  f  0  retain  it  in  folution.  If  a  little  water  be  put  on 
very  good  lime,  the  union  of  thefe  two  bodies  is  acr 
compained  with  a  confid'erable  heat,  crackling,  and 
boiling.  The  lime  fplits,  mixes  with  the  water,  and 
renders  it  turbid  and  white.  It  is  then  called  milk  of  lime. 
This  water  when  filtrated,  paries  clear  and  tranfparent, 
and  is  called  lime-ioater. 

Lime-water  has  a  warm  urinous  tafle,  and  changes 
the  fyrup  of  violets  to  green.  If  it  be  evaporated,  we  ex- 
tract the  lime  in  form  of  a  powder,  or  or  a  white  pellicle. 
If  it  be  expofed  to  the  air,  it  is  covered  in  a  few  hours 
with  a  faline  pellicle,  which  is  termed  cream  of  lime. 
This  fubftance  is  never  formed  but  at  the  furface; 
which  is  owing  to  the  evaporation  of  the  water,  and  to 
the  combination  of  the  lime  with  the  aerial  acid  which 
is  contained  in  the  air.  Lime-water  produces  a  great 
number  of  thefe  pellicles.  It  furnilhes  them  until  the 
water  be  entirely  evaporated. 

Lime  fufes  with  vitrefiable  earths,  and  ferves  as  a 
flux  to  them.  If  it  is  mixed  with  fand,  the  lime,  by 
abforbing  the  water,  unites  with  the  fragments  of  this 
earthy  fubltance,  and  forms  with  them  a  hard  matter 
which  is  called  cement^  and  is  ufed  to  build  with.  The 
true  means  of  getting  a  cement  which  is  very  hard  and 
unalterable  by  the  air,  is  to  add  to  the  lime  the  fmalleit 
quantity  of  water  neceffary  to  flack  it. 

This  was  the  procefs  of  the  ancients. 

Lime  melts  with  . the  terra  ponderofa  and  magnefia: 
It  produces  then  white  and  opaque  glafles,  fpecies  of 
enamels.  Lime  is  employed  in  a  great  number  of  arts. 
In  medicine,  lime-water  is  adminiftered  with  fuccefs  in 
ulcers  of  the  bowels.  It  has  been  efteemed  as  a  powerful 
luhontriptic  ;  but  an  extenfive  experience  has  mown, 
that  it  does  not  always  fucceed,  and  that  a  too  long 
ufe  of  it  produces  in  the  fluids  an  alteration  approaching 
to  fcurvy  or  putridity. 

Genus  II.  Alkaline  Salts. 
The  alkalis  ought  to  be  treated  of  before  the  acids, 
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becaufe  they  appear  to  be  more  fnnple  and  lefs  ca- 
pable of  decompofition,  and  becaufe  they  approach  in 
ibme  of  their  characters  to  The  nature  of"  the  faline 
earthy  fubftances.  They  have  a  urinous  tafte,  which 
is  burning  and  cauftic  :  they  change  the  fyrup  of  violets 
to  green;  they  produce  heat  in  their  union  with  water; 
they  abforb  the  water  contained  in  the  atmofphere,  as 
•well  as  the  aerial  acid  of  the  air;  they  diffolve  the 
earths ;  they  have  a  great  tendency  to  combination,  and 
unite  with  almoft  all  the  bodies  in  nature.  Three  kind* 
of  them  are  known. 

Species  i .  Vegetable  fixed  Alkali. 

The  vegetable  fixed  alkali  has  got  this  name  from 
being  found  in  very  great  quantity  in  vegetables ;  al- 
though  it  is  found  very  frequently  in  minerals  alfo.  It 
has  likewife  been  called  alkali  of  tartar  and  fait  of  potafj  ; 
becaufe  great  quantities  of  it  have  been  extracted  from 
thefe  two  fubftances,  which  is  known  by  experience. 
The  vegetable  fixed  alkali  was  not  known  in  its  ftate 
of  purity  before  the  time  of  Dr  Black. 

This  fait,  when  pure,  is  in  a  dry  and  white  form  ;  its 
tafte  is  fo  ftrong  as  to  redden  the  fliin  and  open  ifTues : 
It  gives  the  fyrup  of  violets  a  deep  green  colour,  and 
much  more  perceptible  than  that  which  lime  occafions. 
The  contact  of  the  light,  colours  it  by  length  of  time. 
Expofed  to  the  fire  in  clofe  veffels,  it  liquefies  as  foon 
as  it  begins  to  redden:  if  it  be  run  then  upon  a  metal 
plate,  it  forms  a  white  glafs,  which  is  brittle  and  opaque. 
It  cannot  be  decompoied  by  this  agent:  it  is  not  vola- 
tilized but  by  an  extreme  heat,  fuel)  as  that  of  a  glafs- 
houfe ;  and  for  that  reafon  it  is  called  fixed^  a  name 
which  is  only  relative. 

Expofed  to  the  air,  it  powerfully  attracts  its  humi- 
dity :  It  runs  into  a  liquor,  and  pafles  into  the  ftate  of 
a  neutral  fait,  by  abforbing  the  chalky  acid  from  the- 
atmofphere.    For  this  reafon  it  eftervefces  with  the 
acids ;  which  does  not  happen  when  it  is  pure,  the  I 
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\  flate  in  which  we  here  fuppofe  it  to  be.  If  then  we 
I  wifh  to  preferve  it  in  the  ftate  of  purity,  it  is  neceifary 
I  to  holt!  it  in  vcffels  accurately  fliut,  am!  which  it  fills 
I  entirely.    The  vegetable  fixed  alkali  diffolvcs  very  rea- 
dily in  water ;  it  then  produces  a  great  degree  oi  neat, 
and  a  fetid  lixivia!  odor  exhales.    Its  foiutioa  is  co- 
lourlefs;  it  leaves  no  precipitate  when  it  is  very  pure. 
If  we  want  to  feparate  it  from  its  folvent,  it  mult  be 
evaporated  to  a  ftate  of  drynefs,  in  clofe  veffcls,  becaufe 
it  attracts  the  aerial  acid  from  the  air,  and  becomes  ef- 
fervefcent. 

It  combines  with  the  vitreous  and  quartzy  earths  in 
the  dry  way',  and  brings  them  into  fufion  :  it  forms 
then  a  tranfparent  body  known  by  the  name  of  glafs. 
This  fubftance  varies  according  to  the  quantity  of  land, 
and  fixed  alkali  that  conftitute  it.  If  two  or  three 
parts  of  fait  to  one  of  earth  be  employed,  we  get  a  fofc 
brittle  glafs,  which  attracts  humidity  from  the  air,  be- 
coming opaque  and  fluid.  This  glafs  diflblves  in  water 
by  the  afii/tance  of  the  fuperabundant  alkali  that  it  con- 
tains. This  folution  is  called  liquor  ftlicum-  In  time  it 
depofits  a  part  of  the  earth  continued  in  it,  in  white 
lemitnmlpaient  tufts,  mucilagenous  in  appearance, 
and  fo  light  that  they  precipitate  but  flowly.  The  acids 
feparate  the  alkali  from  it,  and  caufe  this  earth  to  be 
depofued,  which  is  called  terra  filicea-  Several  che- 
;  milts  think  that  the  earth  of  flints  is  not  like  the 
^quartzy  earth,  and  that  it  has  been  altered  by  its  union 
with  the  alkali.  They  think  that  it  approaches  to  the 
nature  of  argillaceous  earths;  that  accordingly  it  can  be 
united  with  the  acids  like  this  laft,  and  form  with 
them  the  fame  falts  as  it  does.  This  opinion  is  not 
yet  entirely  demonftrated,  although  it  is  certain  that  the 
quartzy  earth  is  altered  in  fome  manner. 

%  he  arc  of  making  glafs  is  entirely  founded  upon 
chemical  properties,  that  fubftance  being  nothing  but 
a  combination  of  the  fixed  alkali  with  the  quartzy 
earth.    The  purity  of  thefe  two  fubftancss,  their  pro- 
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portion,  their  complete  fufion  by  the  means  of  a  very 
ftrong  and  long  continued  lire,  are  the  three  circum- 
ftances  neceffary  to  have  a  glafs  tranfparent,  hard,  and 
without  bubbles  of'air,  and  especially  a  glafs  unchange- 
able by  the  air.  We  will,  in  the  fequel,  become  ac- 
quainted with  different  fubftances  which  are  mixed 
with  the  two  firft,  in  order  to  increafe  their  fufibility, 
and  to  give  to  the  glafs  weight,  tranfparency,  and  feve- 
ral  other  properties  relative  to  the  ufe  for  which  it  is 
deftined. 

The  vegetable  alkali  feems  even  to  be  fufceptible  of 
combination  with  the  terra  ponderofa,  magnefia,  and 
lime  ;  but  thefe  combinations  have  not  been  examined^ 
It  unites  with  the  acids,  and  forms  with  them  particula r* 
falts,  which  we  will  examine  in  the  fecond  order. 

Although  we  have  not  yet  been  able  to  decompofe 
the  vegetable  alkali,  many  fa&s,  which  mall  be  men- 
tioned in  the  fequel,  tend  to  prove  that  it  is  not  a 
fimple  fubftance.  Stahl,  who,  from  many  views,  looked 
upon  the  fimple  falts  as  formed  by  the  union  of  .water 
and  of  earth,  thought  that  the  fixed  alkali  differed  from;  I 
the  acids  only  in  containing  more  earth.    In  this  man-:  i 
ner  he  accounted  for  its  drynefs.    It  is  probable  that 
the  vegetable  alkali,  like  all  other  falts,  is  formed  of  a 
combuftible  fubftance  combined  with  air,  fince  M.«| 
Rouelle  has  obferved,  that  more  fixed  alkali  is  ex-  ■ 
tracled  from  burnt  vegetables,  than  from  thefe  bodies  ' 
in  their  natural  ftate.    It  frequently  a&s  alfo  as  the 
acids  do,  in  which  much  pure  air  is  found.    It  calcines 
the  metals,  and  confumes  conbuftible  matters.    As  for  j 
the  reft,  we  only  propofe  this  idea  as  a  fuppofitionj 
which  mould  not  be  received  for  a  demonftrated  truth; 
but  which  agrees  with  feveral  facts,  which  it  very  well 
explains. 

The  vegetable  alkali  is  employed  in  furgery  to  red- 
den the  fkin,  to  produce  in  it  an  inflammation  and  a  fup-' 
puration;  which  when  continued  gives  rife  to  an  iffue. 
It  is  employed  in  the  arts  for  the  preparation  of  foap. 
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Species  2.  Mineral  fixed  Alkali- 

The  name  of  mineral  fixed  alkali  has  been  given  to 
a  faline  fubftance,  which  prefents  the  fame  general  cha- 
racters as  the  preceding,  and  which  is  found  in  great 
quantity  united  with  another  fait  in  the  waters  of  the 
fea,  and  in  thofe  of  feveral  fountains.  Sometimes, 
however,  it  is  found  in  vegetables,  but  much  lei's  fre- 
quently than  the  preceding.  This  fait  has  alfo  been 
called  marine  alkali^  becaufe  it  makes  a  part  of  the 
marine  fait;  and  the  alkali  or  fait  of  foda,  becaufe  it  is 
molt  frequently  extracted  from  this  fubftance. 

The  mineral  fixed  alkali,  when  very  pure,  has  a  taftc 
as  ftrong  and  as  cauftic  as  the  vegetable  ;  it  changes 
the  fyrup  of  violets  to  a  green  equally  well.  It  is  in  a 
dry  and  folid  form  ;  it  fufes  in  tlie  fire  when  it  begins 
to  redden ;  it  is  volatilized  by  a  violent  heat ;  it  at- 
tracls  humidity  and  the  aerial  acid  from  the  atmofphere; 
it  raifes  a  degree  of  heat  in  its  union  with  water,  and  dif- 
engages  a  fetid  lixivial  odour.  From  this  folution  it 
can  only  be  obtained  pure  in  clofe  veffels.  It  combines 
in  the  dry  way  with  vitrefcent  earths,  and  forms  glafs. 
The  glafs  makers  have  evenfuppofedit  to  polfefs  a  greater 
fulibility,  and  a  greater  adherence  to  thefe  earths,  than 
the  vegetable  ;  and  for  that  reafon  they  employ  it  in 
preference  to  this  laft  in  the  manufacture  of  glafs.  In 
like  manner,  what  we  have  faid  on  this  art  in  the  lall 
article,  may  be  applied  to  the  mineral  alkali.  Laftly, 
this  alkali  combines,  in  the  fame  manner  as  the  vege- 
table, with  the  acids,  and  with  a  great  number  of  other 
bodies  which  lhall  be  mentioned  in  the  fequel. 

There  is  no  other  remarkable  difference  between  the 
apparent  properties,  of  thefe  two  alkalis:  they  can  be 
truly  chfhngu.ihed,  then,  in  their  combinations  only. 
J^acn  of  them  united  to  the  fame  acid,  affords  neutral 
lalts  very  different  in  all  their  properties;  which  is  fo 
much  the  more  fingular,  as  it  is  abfolutely  impoffible  to 
aflign  to  them  any  diftincl;  character  when  they  are  in 
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their  ftate  of  purity.  M-  Bergman  has  indeed  added  a 
difiinguifhing  proof  of  thefe  two  falts,  with  which  it  is 
very  important  to  be  acquainted,  viz.  That  their  af- 
finity with  the  acids  is  not  the  fame ;  the  vegetabe  fix. 
ed  alkali  has  a  ftronger  relation  with  thefe  faline  fub- 
itances  than  the  mineral  has,  becaufe  it  is  abk  to  dc- 
compofe  the  neutral  falts  which  are  formed  of  this  lath 
This  object  we  will  refume  in  the  examination  of  the 
fecondary  falts.  This  beautiful  difcovery  has  aftoniihecl 
us  the  more,  that,  with  the  defign  of- finding  a  diijtina 
character  in  the  two  fixed  alkalis,  and  without  knowing 
M.  Bergman's  differtation  on  their  elective  attractions* 
about  feven  years  ago  we  had  propofed  to  M.  Bucquet  this 
very  queftion  on  the  difference  of  the  affinities  of  thefe 
two  falts,  which  we  then  only  fufpecled.  This  ii lu- 
ll, rious  profeffor  had  even  promifed  to  invefligate  t-hid 
iubject,  when  we  very  foon  learnt  that  M.  Bergman 
had  got  before  us  in  this  important  inquiry. 

Species  3.  Volatile  Alkali. 

The  volatile  alkali  is  diftinguifhed  from  the  twq 
preceding  by  a  pungent  and  a  fuffocating  odour,  and  a 
remarkable  volatility.  It  is  with  this  fait,  as  with  fixed 
alkali ;  we  did  not  know  it  in  its  Rate  of  purity,  before 
the  publication  of  DrBlack  and  Dr  Prieftley's  ingenious 
experiments.  For  the  volatile  alkali,  a  kind  of  imper- 
fect neutral  fait  was  taken,  folid  and  cryftallized,  which 
has  feme  of  the  properties  of  the  volatile  alkali,  but 
v/hich  differs  from  it  in  this,  that  it  is  truly  compofed 
of  two  faline  fubftances.  The  character  of  effervefcing 
with  the  acids,  which  is  afcribed  to  the  volatile  alkali, 
belongs  only  to  this  fait  in  its  neutral  ftate.  That  kept 
in  chemical  laboratories  under  the  name  of  volatile  can- 
flic  alkali,  is  not  even  this  fait  in  its  natural  ftate  ;  it  is 
only  it  difiolved  and  diluted  with  water.  Dr  Prieftley 
dernonftrated,  that  a  permanent  gas  may  be  extracled 
from  it  by  means  of  a  gentle  heat;  and  that  the  water 
deprived  of  this  gas,  by  little  and  little  lofes  its  alkaline 
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properties.  This  aeriform  fluid  is  the  pure  volatile 
alkali,  and  is  diftinguiflied  by  the  name  of  alkaline  gas. 
The  properties  of  this  fubjedt  muft  be  examined,  that 
thole  of  the  true  volatile  alkali  may  be  known,  as  M. 
Macquer  has  very  well  obferved. 

The  alkaline  gas  refembles  air  when  it  is  contained 
in  a  glafs  veffel  :  It  poffeffes  its  tranfparency  and  ela- 
ftic'ity  ;  but  it  is  heavier  than  air  is.  It  has  a  pene- 
trating odour ;  it  has  an  acid  and  cauftic  tafte  ;  it 
quickly  gives  a  deep  tinge  to  the  blue  colour  of  the 
violets  ;  it  extinguiihes  burning  bodies,  and  kills  ani- 
mals ;  it  makes  the  flame  of  a  candle,  before  it  is  ex- 
Itinguifhed,  increafe  a  little  in  fize  j  it  gives  its  diflc  a 
yellow  pale  colour,  which  proves  that  it  is  itfelf  partly 
inflammable  ;  it  is  abforbed  by  the  porous  bodies,  as 
charcoal,  fponge,  &c. 

Air  does  not  combine  with  the  alkaline  gas ;  it  only 
makes  it  difperfe. 

Water  readily  abforbs  the  alkaline  gas.  If  it  is  in 
the  Hate  of  ice,  it  infiantly  melts,  and  produces  a  very 
intenfe  cold  ;  whilft,  on  the  contrary,  this  gas  is  heated 
by  water  in  a  ltate  of  fluidity.  Water  faturated  with 
this  gas,  exactly  refembles  that  from  which  it  has  been 
extracted  by  heat.  We  call  it  the  volatile  alkaline  fp- 
rit ;  as  we  call  the  fpirit  of  marine  fait,  the  folution  of 
the  marine  add  in  water. 

The  alkaline  gas  has  no  fenfible  action  on  the  earths, 
nor  on  the  faline  earthy  fubftances.  It  has  a  very 
powerful  action  on  the  acids,  and  upon  feveral  neutral 
faks,  as  we  (hall  {how  hereafter.  The  alkaline  fpirit  has 
the  fame  properties  as  the  gas,  which  it  contains  dif- 
folved,  but  in  a  lefs  remarkable  degree  \  becaufe  the 
aggregation  of  the  gas  being  much  lefs  itrong  than  that 
of  the  liquid,  according  to  one  of  the  laws  of  affinity, 
the  tendency  to  combination  ought  to  be  much  (tron^er 
in  the  gas  than  in  the  alkaline  fpirit.  The  volatile°al- 
kah  has  been  looked  on  as  a  combination  of  the  fixed 
alkali,  and  of  an  inflammable  fubftance.    We  know 

indeed 
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indeed  many  inftances  in  which  this  laft  fait,  heafcd 
with  inflammable  matter,  produces  volatile  alkali ;  but 
it  is  not  known  whether  the  fixed  alkali  enters  com* 
pletely  into  the  combination  of  the  volatile  alkali,  or  if 
it  only  furniflies  a  particular  principle,  which,  in  com- 
bination  with  a  proportion  of  the  combuftible  matter, 
produces  this  fait. 

The  volatile  alkali  diluted  with  water  is  employed  in 
a  great  number  of  difeafes.  It  is  an  aperient  and  a 
powerful  detergent  ;  it  has  a  ftrong  acYton  on  the  fkin ; 
it  is  ufed  in  the  bite  of  a  viper,  in  the  maladies  of  the 
fkin,  in  the  venereal  difeafe,  and  many  other  complaints* 

As  it  is  acrid  and  cauftic,  it  ought  only  to  be  em- 
ployed with  great  circumfpection.  Applied  externally, 
it  is  a  ftrong  difcutient ;  it  is  capable  of  difperfing  many 
tumours,  particularly  thofe  formed  by  clotted  milk,  and 
by  the  infphTated  lymph.  It  readily  cures  burns  ;  it  is 
often  employed,  and  with  fuccefs,  in  chilblains;  itis  ufed 
frequently,  and  under  different  names,  as  a  very  active 
ftimulant  in  fyncopes,  afphyxies,  &c.  In  thefe  laft 
cafes,  the  ufe  of  it  ought  to  be  very  carefully  managed. 
It  is  not  prudent  to  make  it  be  fwallowed  in  difeafes, 
without  diluting  it  with  much  water,  and  giving  it  in 
a  very  fmall  dofe.  Dangerous  excoriations  have  been 
obferved  to  have  been  produced  upon  the  canal  of  the 
cefophagus,  and  upon  the  membranes  of  the  ftomach, 
by  giving  it  internally  without  precaution.  The  ufe  of 
it  then,  internally,  ought  never  to  be  allowed,  without 
the  advice  of  a  knowing  phyfician,  who,  by  having  a 
great  knowledge  of  the  animal  ceconomy,  and  of  the 
chemical  attions  of  this  fait,  may  proportion  the  quan- 
tity and  ftrength  of  the  dofe  to  the  vigour  of  the  pa-  < 
tient  (b). 

,  LECd 

(*)  M.  Cornette,  of  tlie  Academy  of  Sciences,  a  chemift  very 
celebrated  for  a  great  number  of  well  executed  works  upon  feveral 
faline  matters,  upon  the  acid  foaps,  upon  the  art  of  manufacturing 
nitre,  &c.  lately  acquainted  me,  that  he  difcovered  that  the  volatile  ' 
alkali  is  very  combuftible.  This  fa&  Ihould  not  appear  wonderful, 
after  what  we  have  faid  above  of  the  aflion  of  alkaline  gas  on  a 
lighted  candle. 
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LECTURE  XIV. 
Genus  III.  Acids. 

rHE  acids  are  diftinguifhed  by  their  four  tafle, 
When  they  are  diluted  with  water,  they  reddeii 
the  blue  colours  of  vegetables.  The  greatelt  part  of 
them  are  in  the  form  of  gas.  They  unite  with  rapi- 
dity to  the  alkalis.  They  acT:  more  powerfully  than 
thefe  lafl:  do  on  combultible  fu'bftances,  and  moft  fre- 
quently reduce  them  to  the  ftate  of  confumed  bodies. 
As  combultible  bodies,  and  efpecially  the  metallic, 
contain  a  great  quantity  of  pure  air,  which  may  be  ex- 
tracted from  them ;  and  as  in  their  combination  with 
an  acid,  this  faline  fubftance  pafles  itfelf  into  the  ftate 
of  a  combuftible  body,  we  may  conclude,  that  this  ge- 
nus of  fait  is  much  lefs  fimple  than  has  been  believed* 
and  that  in  general  it  is  formed  of  inflammable  matter 
combined  with  pure  air.  All  the  phenomena  of  che- 
miftry  eftablifh  the  certainty  of  this  grand  theory. 
We  know  feven  forts  of  Mineral  Acids,  viz. 

1.  Chalky  acid.  5.  Aqua  regia. 

2.  Marine  acid.  6-  Vitriolic  acid. 

3.  Sparry  acid.  7.  Acid  of  borax. 
4-  Nitrous  acid. 

We  mall  examine  each  of  thefe  in  their  order. 
Species  i  .    Acid  of  Chalk 

We  give  the  name  of  chalky  acid,  with  M.  Bucquet 
and  Lavoifier,  to  the  aeriform  fluid,  called  at  prefent 
1>y  the  Enghfti/**/  air,  by  Mr  Bewley  mephitic  air, 
and  by  Mr  Bergman  aerial  acid- 

This  acid  has  not  always  been  regarded  as  fuch- 
ine  principal  properties  of  it  only  have  been  danced 

M  /  PmacdSS>  ,Van  HeImont'  and  Ha!-«   *  i"  to 
Pr,cftley>  Bewley>  and  Bergman,  that  we  owe  the 

certain 
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certain  knowledge  of  its  acidity.  The  name  of  chalky 
acid  is  given  it  very  properly,  becaufe  chalk  contains  it 
in  great  quantity,  and  becaufe  there  is  no  body  with 
which  it  has  fo  ltrong  an  affinity  as  quicklime. 

The  chalky  acid  has  all  the  phyfical  charaders  of  air-j 
Like  it,  it  is  invifible  and  elaftic ;  when  confined  in  a 
glafs  veffel  or  flafk,  it  cannot  beabfolutely  diftinguifhed; 
frotalthis  fluid.  It  exifts  in  the  atmofphere,  and  ini 
certain  fuberraneous  cavities.  It  is  combined  with  a 
great  number  of  natural  bodies  j  fuch  as  mineral  wa-i 
ters,  and  feveral  neutral  falts.  The  fpirituous  fermenta-1 
tion  difengages  it  in  great  quantity. 

The  fpecific  gravity  of  the  chalky  acid  is  double  that . 
of  the  air.  Like  all  fluids,  it  may  be  poured  from  onqi 
veffel  into  another ;  it  may  be  alfo  drawn  by  the  cock  of 
a  great  cafk  after  wine.  It  has  a  (harp  acidulous  taftel 
It  kills  animals  inftantly,  becaufe  it  is  unfit  for  refpiraJ 
tion  :  It  turns  the  tincture  of  turnfol  to  a  bright  cleaM 
red.  This  colour  is  loft  by  the  action  of  the  air,  in} 
proportion  as  the  acid  evaporates.  It  does  not  alter  the| 
colour  of  violets,  becaufe  it  has  only  a  very  flight  ten*} 
dencv  to  combination. 

The  force  of  affinity  is  in  general  weak  in  this  acid  i\ 
It  is  not  changed  by  the  contact  of  the  light. 

Heat  expands  it  like  air,  without  producing  any  '. 
change  on  it.  It  mixes  with  pure  or  dephlogifticatedi. 
air,  but  without  alteration  ;  and  it  forms  a  mixture  very} 
like  the  air  of  the  atmofphere.  It  combines  with  water! 
but  flowly.  Thefe  two  fluids,  if  they  are  agitated,  and! 
their  contact,  increafed  in  any  way,  unite  and  form  thw 
acid  fpirit  of  chalk.  The  colder  the  water  is,  the  mortB 
of  the  acid  is  dillblved.  This  faturation  has  its  fixed  1 
point.  The  acid  fpirit  of  chalk  is  fpecifically  lightem 
than  water  ;  it  has  a  fharp  acidulous  tafle  ;  it  reddens 
the  tincture  of  turnfol.  It  may  be  decompofed  by  heat, 
which  difengages  the  acid,  as  it  docs  the  alkaline  fpiriCfcl 
This  arid  fpirit  of  chalk  is  found  in  abundance  in  nam 
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jure;  it  conftitutes  the  acidulous  waters,  and  thofe 
ivhich  contain  gafes,  as  thofe  of  Piermont,  of  Seltz,  &c. 

The  chalky  acid  has  no  action  upon  filiceous  earth  : 
It  unites  with  clay,  magnefia,  and  terra  ponderofa,  and 
forms  with  them  different  neutral  falts,  which  we  Uiall 
[xamine  more  particularly  hereafter. 
I  When  mixed  with  lime  diflblved  in  water,  it  pro- 
luces  a  conftant  phenomenon,  which  always  diftin- 
luiihes  this  acid.    As  foon  as  it  touches  that  fluid,  it 
[ccafions  a  white  cloud,,  which  very  foon  thickens,  and 
jiecomes  a  copious  precipitate.    The  cloud  is  owing 
p  the  chalk  that  is  formed  by  the  union  of  the  lime 
I'ith  the  chalky  acid.    This  new  fait  being  almoft 
lfoluble  in  pure  water,  feparates  and  falls  to  the  bot- 
pm  of  the  fluid  j  lime-water  then  is  a  tefl:  to  diftin- 
uiih  the  nature  and  quantity  of  this  acid.  After 
pe  formation  of  this  precipitate  in  the  water,  if  a  new 
uantity  of  the  chalky  acid  be  made  to  pafs  through 
L  the  fediment  rediflblves  by  the  excefs  of  the  acid, 
lid  difappears.    This  is  a  fecond  character  proper  to 
Lis  acid.    The  fpirit  of  chalk  poured  into  lime-water 
i-oduces  the  fame  effect.    The  chalky  acid  unites  it- 
lf  with  rapidity  to  the  three  alkalis :  If  we  put  into  3 
pel  full  of  gas  extracted  from  chalk,  or  taken  from  a 
Hk  of  fermenting  beer,  a  little  of  a  folution  of  pure 
:id  cauftic  fixed  alkali,  divided  upon  the  fides  of  the 
:flel,  and  cover  the  mouth  of  the  veflel  with  a  moifr- 
led  bladder,  the  bladder  falls  down  by  little  and 

tie  ;  a  vacuum  is  made  in  the  veflel  from  the  abforp- 
|>n  of  the  chalky  acid  by  the  alkali ;  a  heat  arifes  du- 
lg  the  combination  of  thefe  two  falts ;  and  at  the  fame 
ne  we  perceive,  upon  the  fides  of  the  veflel,  cryftals 

elegant  dendrites,  which  become  more  and  more 
lick.    We  call  this  fait  tartar  with  the  chalky  acid, 

we  have  employed  the  alkali  of  tartar;  and  foda 

th  the  chalky  acid,  if  we  have  employed  that  of  foda. 
tiefe  two  true  neutral  falts  were  formerly  called  fait  of 
Vtar,  and  fait  of foda.  The  contact  of  the  alkaline  gas, 

Vol.  I.  M  and 


173  LECTURES  ON 

and  of  our  aeriform  acid  in  a  clofe  veffel,  inflantly  pro- 
duces  fome  vacuum,  alfo  a  brifk  heat,  and  a  white  and 
thick  cloud,  which  adheres  in  regular  cryftals,  or  (im- 
ply m  a  cruft,  to  the  fides  of  the  veffel.  This  is  a  tru( 
neutral  lmperfed  fait,  which  we  call  ammoniac  wittl 
the  chalky  acid.    The  chalky  acid  may  be  combinec 
with  a  great  number  of  other  bodies,  which  we  will  fe< 
according  as  we  advance.    We  have  not  yet  been  abldl 
to  decompofe  this  acid  :  We  fufpect,  however,  that  ii 
contains  fome  pure  air,  combined  with  an  inflammabl< 
gas.    We  give  this  as  a  hint  only,  until  we  know  th< 
fads  upon  which  it  is  founded. 

It  has  the  property  of  preferving  animal  fubftance&J 
and  of  retarding  putrefaftion,  and  of  reftoring  thoftj 
that  are  beginning  to  putrefy.  From  this  property 
Macbride  thought  that  it  unites  with  the  putrefying 
body,  and  reltores  to  it  the  acid  which  it  Iofl  duriniJ 
putrefaction.  According  to  him,  this  laft  phenomeno9 
is  entirely  owing  to  the  natural  decompofition  of  th< 
organic  fubftances,  and  the  diffipation  of  the  chalk3 
acid,  which  he  called  fixed  air.  In  like  manner  he  haal 
pretended,  that  this  acid  is  indifpenfably  neceffary  tctl 
compenfate  the  lofs  which  is  occasioned  in  animals,  and 
to  re-eftablifh  the  fluids  which  are  altered  by  motion) 
and  heat.  He  allows  it  to  exifl  in  frefli  vegetables: 
particularly  in  thofe  which  are  fufceptible  of  fermentaJ 
tion,  as  the  decoction  of  malt  and  the  rauft  of  raifins 
In  like  manner,  he  fuppofes  that  they  are  all  good  ir 1 
the  difeafes  which  depend  on  the  motion  of  the  ham 
mours,  as  the  fcurvy. 

The  acid  fpirit  of  chalk  is  alfo  prefcribed  in  putric 
fevers  ;  and  feveral  obfervations  have  affirmed  its  fuc- 
cefs.    The  Englifh  employ  it,  it  is  faid,  in  refpiratioW 
in  a  fmall  dofe,  and  mixed  with  common  air,  in  difeafe8«| 
of  the  lungs. 

It  has  been  flrongly  recommended  as  a  lithontriptic. 
or  folvent  of  the  (tone  in  the  bladder  ;  but  no  facl  well 
attefted  has  yet  demonllrated  in  France  its  efficacy  i"1 
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this  terrible  malady.    The  public  papers  have  announ- 
ced feveral  cures  of  the  cancer  effected  in  England  by 
the  application  of  the  chalky  acid.    We  can  affirm,  that 
we  have  leen  it  employed  feveral  times,  and  have  em- 
ployed it  feveral  times  ourfelves,  without  fuccefs.  With 
the  firlt  applications,  the  cancerous  ulcer  feems  to  af- 
fume  a  better  appearance.    The  fanies,  which  general- 
ly flows  from,  it,  becomes  white  and  purulent  j  the 
lips  of  the  fore  take  a  red  colour  and  confiftence  :  but 
thefe  flattering  appearances  do  not  long  continue,  and 
the  ulcer  very  foon  returns  to  its  former  ftate,  and  foon 
becomes  worfe  and  worfe.    It  is  a  pity  fuch  promifing 
hopes  Ihould  be  fruflrated. 

Species  2.    Marine  Acid. 

This  marine  acid,  or  fphit  of  fait,  is  the  name  in 
laboratories,  of  a  fluid  that  flows  like  water,  which  has 
a  very  ftrong  taftc,  capable,  when  concentrated,  of  cor- 
roding our  organs,  and  which  raifes  on  the  tongue 
only  a  four  and  ftiptic  tade  ;  it  is  much  diluted.  This 
fluid,  quite  pure,  ought  to  be  abfolutely  free  of  colour. 
1  hat  which  is  red,  or  like  the  juice  of  citrons,  owes  its 
colour  to  fome  combuflible  fubftances,  and  often  to 
the  addition  of  fome  iron  which  changes  it.    This  acid 
is  extracted  from  marine  fait,  as  fhall  be  mentioned 
in  its  utlory     If  it  is  ftrong,  it  exhales  a  vapour  or 
white  fume  when  it  is  expofed  to  the  air  :  It  has  a  pun- 
gent penetrating  odour,  which,  when  very  weak  re- 
fembles  that  of  citrons  a  little  ;  then  it  is  termed 
fmkingjpmt  of  fait ,    Thefe  fumes  are  more  or  left 
abundant,  according  to  the  humidity  of  the  air  When 
ffi.;  "tAfaj  this  acfd,  if  we  apply  our 

hand  to  its  neck,  a  manifeft  heat  is  felt,  owinf  to  the 
combination  of  the  acid  in  vapour  with  the  l\v  of  the 
atmofphere     The  ^irit  of  &  ftrongly  reddens  foe 

lhefpimof  fait,  however  concentrated,  and  how- 
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ever  fuming,  is  not  the  pure  and  uncombined  mannd 
acid,  but  this  acid  united  with  much  water.  Dr" 
Prieftley  has  put  this  truth  out  of  all  doubt,  in  afTuring 
us,  that  we  may  volatilize  this  acid  in  gas,  and  in  this 
ftate  obtain  it  permanent  above  mercury.  The  pro- 
perties of  this  gas  then  muft  be  examined  if  we  want 
to  know  thofe  of  the  marine  acid  without  mixture,  and 
in  its  ftate  of  perfect  purity.  4 

The  marine  acid  gas  is  obtained  by  heating  the  fum- 
ing fprrk  of  fait  in  a  retort,  the  neck  of  which  is  re- 
ceived under  a  veffel  full  of  mercury.  The  gas  which 
is  much  more  volatile  than  water  paffes  into  the  velfel.  3 
It  prefents  all  the  apparent  characters  of  air;  it  is 
heavier  than  it  ;  it  has  a  penetrating  odour ;  it  is  fa 
cauftic  that  it  inflames  the  {kin,  and  frequently  occa- 
iionsflrong  corrofrons ;  it  fuffocates  animals-:  it  extin- 
guifhes  the  flame  of  candles,  enlarging  it  at  firft,  and 
giving,  a  green  or  blueifb  colour  to  its  difk:  it  is  abfor- 
bed  by  fpongy  bodies. 

Light  does  not  feem  to  alter  it  in  any  fenfi-ble  degree. 
Heat  rarefies  it,  and  augments  its  elafticity  prodigioufly. 
Pure  air,  and  the  air  of  the  atmofphere,  by  coming  in 
contact  with  marine  gas,  make  it  alfume  the  form  of 
fumes  or  vapour,  and  heat  it  flightly ;  which  proves  ! 
that  there  is  a  combination.  The  greater  the  humidity 
of  the  air,  thefe  vapours  are  the  more  apparent. 

The  marine  gas  combines  rapidly  with  water;  ice 
melts  in  it  inftantly,  and  abforbs  it  readily.  Water  in 
its  union  with  this  gas  is  pretty  flrongly  heated.  When 
faturated,  it  cools,  and  exactly  refembles  the  fpirit  from 
which  the  gas  was  extracted  by  means  of  heat :  it  emits 
white  vapours ;  it  has  no  colour  ;  it  reddens  the  fyrup  of 
violets.  The  marine  gas  has  no  action  on  the  earths 
except  clay,  with  which  it  forms  a  marine  fait  with  clayey 
bafe  :  It  combines  with  the  faline  terreneous  fubltances, 
and  forms  with  them  the  marine  fait  with  bafe  of  terra 
ponderofa,  the  marine  fait  with  bafe  of  magnefia,  and 
the  marine  fait  with  that  of  calcareous  earth. 
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When  combined  with  'the  vegetable  fixed  alkali,  it 
[conftitutes  the  febrifugal  fait  of  Sylvius ;  withthe  mineral 
■alkali,  it  forms  the  marine  or  culinary  fait.  The  marine 
■gas  mixed  with  the  alkalis  raifes  a  great  heat ;  it  forms  a 
jjwhite  cloud:  the  mercury  mounts  in  the  tubes  ;  and  the 
Internal  fides  of  the  velfel  are  very  foon  hung  with  ery- 
Iftals,  which  are  fal  amnionic. 

This  gas  afts  in  general  upon  combuftible  bodies  in 
la  more  powerful  manner  than  the  chalky  acid,  but  much 
lefs  than  the  following  acids. 

The  intimate  nature  of  the  marine  acid  k  not  well 
underftood  ;  we  have  not  yet  been  able  to  decompofe 
it.  Beccher  thought  that  it  was  formed  by  the  vitriolic 
acid  united  with  a  mercurial  earth,  becaufe  he  obfcrved 
that  this  acid  had  much  affinity  and  combined  intimate- 
ly with  thofe  bodies  in  which  he  admitted  this  principle 
to  exiftj  fuch  as  arfenic,  mercury,  and  fome  other  fub- 
ftances.  We  only  fufpecl  that  it  is  formed  of  an  un~ 
tnown  combuftible  body,  combined  with  pure  air, 
which  may  be  obtained  from  fome  bodies  altered  by 
this  acid.  It  is  known  alfo  that  it  has  more  affinity  with 
all  bodies  than  the  aerial  acid  has ;  and  though,  with 
regard  to  the  other  acids,  its  affinity  is  lefs  ftrong,  yet 
it  is  fufceptible  of  feveral  variations. 

The  marine  acid  is  employed  in  fome  of  the  arts, 
and  particularly  in  the  art  of  effaying.  In  medicine  it 
is  adminiftered,  very  much  diluted  with  water,  as  a 
dieuretic.  It  forms  the  bafe  of  the  remedy  of  the 
Frieur  de  Chabrieres,  It  is  fuppofed  that  the  baths  for 
the  feet,  boafted  of  in  the  gout  by  fome  perfons,  but 
which  have  not  always  equally  fucceeded,  are  formed 
with  this  acid  diffolved  in  water.  It  is  ufed  externally 
for  producing  efchars,  and  deftroying  altered  parts,  in 
the  difeafe  of  the  gangrened  throat,  the  aphtha;  of  the 
jlike  nature,  and  other  difeafes. 

Species  3.    Sparry  Acid, 

The  fparry  acid  difcovered  by  Mr  Scheele  has  re- 
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ceived  that  name,  bccaufc  it  is  extracTed  from  a  kind 
of  neutral  fait,  which  is  called  by  the  name  of  fparry 
fluor,  or  vitreous  [par. 

This  acid  when  pure  is  in  the  form  of  gas.  The 
fparry  gas  is  heavier  than  air :  it  extinguiftes  candles, 
and  kills  animals  j  it  pufferies  a  penetrating  fmell,  ap- 
proaching to  that  of  the  marine  gas.  It  is  lb  cauftic  at 
to  redden  the  Ikin,  if  expofed  ever  fo  fhort  a  time  to  its 
contadt.    It  is  not  altered  by  Ugh*  and  heat. 

Pure  air  renders  it  turbid,  and  changes  it  into  a  white 
vapour.    Its  union  with  water  is  rapid,  and  attended, 
with  heat ;  but  it  prefents  a  particular  phenomenon  in'  I 
this  union,  which  is  the  precipitation  of  a  very  fine  white  [ 
earth,  which  M.  Macquer  efteemed  a  quartzy  earth. 

It  appears  then  that  this  acid  is  never  pure,  unlefs  it 
be  in  the  ftate  in  which  it  has  now  been  defcribed-W 
Hence  we  are  led  to  believe  that  it  is  not  pure,  but  in : 
proportion  to  its  reparation  by  water  from  the  earth,  ;J 
which  it  raffes  in  its  volatilization. 

The  fparry  acid  fpirit  has  the  fame  fmell,  and  almoftil 
the  fame.caufticity  with  the  gas.  It  reddens  the  fyrup  ■ 
of  violets  deeply.  It  has  the  lingular  property  of  cort|l 
roding  and  diflblving  the  filiceous  earth,  according  to  J 
M.  Scheele  and  Bergman.  Dr  Prieftley  has  difcovered  \ 
that  the  fparry  gas  alio  corrodes  glafs,and  eats  it  through.Il 
M.  Macquer  thought  this  acid  produced  this  effect  in,}  I 
its  ftate  of  gas  only  ;  and  that  when  liquid,  or  diffolved 
in  water,  it  did  not  affect  the  glafs. 

The  fparry  acid  fpirit  may  be  decompofed  like  the  '; 
fpirit  of  fait,  by  heating  it  in  a  retort,  the  neck  of  which 
is  received  under  a  veflel  full  of  mercury.    The  fparry 
acid  is  obtained,  and  the  water  remains  almoft  pure. 

The  two  French  chemifts,  called  Boulanger,  who  in 
the  year  1773  publifhed  a  fet  of  experiments  on  the 
vitreous  fpar,  or  fparry  fluor,  think  that  the  acid  of  fpar 
is  only  the  marine  acid  combined  with  the  earthy  mat- 
ter, which  the  water  only  is  able  to  feparate.  Mr 
J3ergman  looked  upon  it  as  a  particular  acid,  and  fully 
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idiftinguifhed  by  the  different  combinations  which  it 
forms.  It  would  appear  that  this  laft  opinion  is  the 
<moft  univerfally  received  at  prefent  by  thechemifts.^ 

The  fparry  gas,  and  fparry  acid  fpirit,  combine  with 
clay,  terra  ponderofa,  magnefia,  quicklime,  and  the 
alkaline  fubftances.  In  thefe  combinations  neutral  falts 
are  formed  different  from  thofe  which  are  formed  by 
all  the  other  acids :  Its  affinities  alfo  are  in  a  different 
[order  from  that  of  the  other  acids  j  it  deferves  then  to 
be  accurately  diftinguifhed. 

The  fparry  acid  has  not  yet  been  employed  for  any 
ipurpofe. 

LECTURE  XV. 
Species  4.  Nitrous  Acid. 

THAT  which  is  called  nitrous  acid  in  laboratories, 
is  the  fpirit  of  nitre,  or  the  combination  of  that 
(acid  with  water.  It  is  either  yellow  or  red  :  it  emits  a 
copious  vapour  of  the  fame  colour  :  it  is  fo  cauftic  that 
it  burns  and  inftantly  diforganifes  the  fkin  and  the 
mufcles. 

It  reddens  the  fyrup  of  violets,  and  deftroys  the  co- 
lour of  it  entirely.  It  is  fo  volatile,  that  the  heat  of  the 
atmofphere  alone  is  able  to  expand  it  into  vapour. 

When  expofed  to  the  rays  of  the  fun,  it  acquires  co- 
lour and  more  volatility,  which  {hows  an  action  on  the 
part  of  the  light ;  when  very  much  concentrated,  it  at- 
tracts humidity  from  the  air. 

It  unites  with  violence  to  water ;  which  gives  it  a  green 
colour,  and  afterwards  a  blue.  This  combination  oc- 
casions a  good  deal  of  heat :  when  very  much  diluted, 
it  is  colourlefs,  and  forms  aquafortis. 

The  fpirit  of  nitre  has  no  action  on  the  vitreous 
and  quartzy  earths  :  it  unites  with  clay,  terra  pondero- 
fa, magnefia,  quicklime,  and  with  the  alkalis,  with 
which  it  forms  argillaceous  nitre,  nitre  with  bafe  of  terra 
ponderofa,  nitre  of  magnefia,  calcareous  nitre,  pure 
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nitre,  rhomboidal  nitre,  and  nitrous  ammoniac.  All 
thefe  falts  (hall  be  examined  after  the  acids. 
_  The  nitrous  acid  mixes  with  the  chalky  acid,  which 
it  abforbs  in  part,  and  which  it  appears  to  contain  in 
more  or  lefs  quantity,  as  will  be  proved  in  the  hiftory 
of  Nitre.  It  combines  with  the  marine  acid,  and  emits 
red  vapours  during  this  combination.  Although  the 
nitrous  acid  gas  cannot  be  feparated  from  water,  in  the 
fame  manner  as  the  chalky  and  marine  acids,  it  is  pro- 
bable  that  this  acid  is  of  the  nature  of  a  gas  juft  as  thefe 
lad  :  But  as  we  are  not  acquainted  with  any  fluid  upon 
which  the  nitrous  acid  has  no  aftion,  and  which  it  con- 
fequently  cannot  pafs  through  without  being  altered,  it 
has  not  as  yet  been  poffible  to  obtain  it  in  its  ftate  of 
purity.  We  believe,  however,  that  the  nitrous  acid  gas 
exifts  in  the  fuperior  part  of  the  vcffels  which  contain 
the  rutilant  fpirit  of  nitre,  and  which  are  not  filled  with 
it  entirely. 

It  is  a  long  time  fince  chemifts  obferved  that  the  ni- 
trous  acid  a£ts  in  a  very  violent  manner  upon  combu* 
ftible  bodies,  efpecially  upon  the  metals :'  it  then  dis- 
charges a  great  quantity  of  red  vapours,  and  in  that 
form  is  often  difhpated  entirely.  The  combuftible 
body  which  is  expofed  to  its  action,  is  very  foon  found 
to  be  reduced  to  a  fcorched  or  calcined  ftate.  Fre- 
quently it  inflames  even  the  combuftible  bodies,  as  the 
oils,  charcoal,  and  fome  metals,  as  M.  Prouft  has  dis- 
covered. Stahl  afcribed  this  effect  to  the  rapidity  with 
which  the  acid  combines  with  the  phlogifton  of  the 
combuftible  body. 

Mr  Prieftley,  by  receiving  under  a  veflfcl  full  of  wa- 
ter the  vapour  which  is  dilengaged  during  the  action 
of  the  nitrous  acid  on  iron,  found,  that  inftead  of  a  red 
vapoury  fluid,  a  tranfparent  gas,  and  without  colour, 
like  air,  is  obtained,  which  he  defigned  by  the  name 
of  nitrous  gas. 

This  gas  has  all  the  external  characters  of  air  ;  but 
it  differs  from  it  in  a  great  number  of  chemical  pro- 
perties. 
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perties.    It  cannot  be  employed  either  for  combuftion 
or  refpiration :  It  is  ftrongly  antifeptic  ;  it  has  no  fen- 
fible  tafle  ;  it  does  not  change  the  colour  of  the  fyrup 
of  violets.    The  nitrous  gas  is  not  altered,  at  leaf!  not 
in  a  perceptible  manner,  by  light.    Heat  dilates  it; 
pure  air  readily  combines  with  it,  and  converts  it  into 
the  Hate  of  nitrous  acid.    This  combination  exhibits 
feveral  phenomena  of  importance,  and  neceffary  to  be 
known.    As  foon  as  the  air  comes  into  contact  with 
the  nitrous  gas,  thefe  two  fluids,  neither  of  which  has 
any  colour,  become  red,  and  like  the  fuming  fpirit  of 
nitre  :  A  very  brifk  heat  is  raifed  ;  the  water  mounts 
in  the  receiver,  and  abforbs  all  the  red  vapours,  which 
mow  the  character  of  aquafortis.  The  purer  the  air  is, 
the  more  evident  are  thefe  phenomena,  and  ever  fo 
little  of  in  may  change  a  given  quantity  of  nitrous  gas 
into  acid.  M.  Lavoifier  found  that  it  required  16  parts 
of  atmofpheric  air  to  faturate  7  j-  of  nitrous  gas,  whiht 
four  parts  of  pure  or  dephlogifticated  air  are  fufficient 
o  faturate  completely      of  the  fame  gas.    This  beau- 
iful  phenomenon  perfectly  refembles  combuftion,  as- 
M.  Macquer  has  imagined.  In  fhort,  it  is  attended  with 
heat,  abforption  of  air,  and  produftion  of  faline  matter. 

As  in  this  artificial  decompofition  of  the  nitrous  acid, 
the  air  produces  different  effefts  according  to  its  purity, 
Dr  Pneftley  has  thought  that  the  nitrous  gas  may  ferve 
as  a  reft  for  knowing  rhe  quanrity  of  pure  air  which  it 
contains,  by  taking  for  the  two  terms  that  of  the  moft 
impure  air,  or  of  a  gas  not  refpirable ;  fuch  as  the 
:halky  acid,  which  does  not  change  the  nitrous  gas  in 
any  mariner,  and  that  of  pure  or  dephlogifticated  air, 
which  alters  it  rhe  moft.  The  proof  of  this  confifts  in 
employing  known  and  proportionate  quantities  of  thefo 
two  gafes,  and  obferving  thofe  which  are  neceffary  to 
rorm  their  complete  and  reciprocal  laturation.  The 
els  the  quantity  of  air  requifite  to  faturate  this  gas,  the 
?urer  the  air  is  ;  on  the  contrary,  the  more  of  it  that 
is  obl.ged  to  be  employed,  it  is  the  lefs  pure. 
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Several  phyficians  have  found  the  means  of  conduc- 
ing this  experiment  with  the  ftrifteft  precifion.  The 
Abbe  Fontana  has  carried  this  point  the  fartheft  of 
any :  He  contrived  an  inflrument  called  Eudiometer,  of 
which  we  find  an  exaft  defcription  in  the  inquiries  of 
Mi  de  Ingcnhouz  concerning  vegetables.  With  this 
inftrument  we  can  eftimate  almoft  to  infinity  the  de- 
grees of  purity  or  impurity  of  the  air  which  we  exa- 
mine ;  but  its  ufe  requires  an  exercife  and  attention 
which  neceffarily  renders  it  difficult  and  fufceptible  of 
error,  as  Fontana  himfclf  has  obferved. 

It  may  be  alfo  proper  to  remark,  that  thefe  experi- 
ments, ingenious  and  ufeful  in  themfelves,  are  not  near 
i'o  advantageous  as  was  expected  to  the  health  of  man- 
kind, and  to  that  part  of  medicine  which  contributes  to 
the  prefervation  of  health  :  They  only  fliow  the  quan- 
tity of  refpirabje  air  contained  in  that  gas  which  we 
examine :  they  point  out  none  of  the  offenfive  quali- 
ties of  this  fluid  relative  to  the  other  functions,  but  re- 
fpiration  ;  fuch  as  its  action  on  the  ftomacb,  on  the  fkin, 
and  in  particular  on  the  nerves;  effects  that  cannot  be 
known  but  by  the  obfervation  of  phyficians,  which 
however  are  perceptible  in  almoft  all  the  alterations  of 
{he  air. 

As  yet  chemifts  are  divided  on  the  caufe  of  the  pro- 
duction of  the  nitrous  acid  by  the  mixture  of  nitrous 
gas  and  pure  air.  Dr  Prieflley,  who  has  the  merit  of 
this  difcovery,  thought  that  this  gas  was  only  the  nitrous 
acid  overcharged  with  phlogifton  ;  with  which  the  pure 
air  having  more  affinity  than  the  nitrous  acid  has  with 
it,  feized  the  phlogifton,  and  left  the  acid  free.  It  re- 
mained to  be  known,  why  the  pure  air,  which  in  this 
operation  was  employed  in  the  quantity  of  four  meafures 
to  faturate  feven  and  more  of  the  nitrous  gas,  was  after- 
wards found  to  be  reduced  to  lefs  than  half  a  meafure, 
although  it  was  combined  with  a  new  body,  the  phlo- 
gifton. M.  Lavoifier  thought  that  this  property  of  the 
nitrous  gas  was  capable  of  explaining  the  compofition 
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of  the  nitrous  acid.  By  combining  two  ounces  of  ni- 
trous acid  of  a  determined  ftrength  with  mercury, 
which  is  a  combuftible  body,  he  obtained  196  inches  of 
nitrous  gas,  and  2^6  inches  of  dephlogiiticated  air. 
The  mercury,  after  changing  form  during  the  fepara- 
tion  of  the  firit  of  the  gas,  was  rellored  without  any 
diminution,  after  the  pure  air  came  over.  He  conclud- 
ed from  this  beautiful  experiment,  r.  That  the  fpirit 
of  nitre  is  a  compound  of  pure  air,  of  nitrous  gas,  and 
of  water,  with  fo  much  the  more  probability,  as  thefe 
three  bodies  united  reproduce  the  acid.  2.  That  the 
nitrous  gas  is  the  nitrous  acid  without  the  air.  How- 
ever, there  is  a  difficulty  in  this  opinion  :  for  M.  Lavoi- 
fier  was  not  able  to  reproduce  all  the  acid  employed  ; 
and  he  loll  at  leaft  the  half  of  it,  and  there  was  much 
more  pure  air  than  was  necelfary  to  faturate  all  the  ni- 
trous gas  obtained.  He  confefTed  his  ignorance  of  the 
caufe  of  this  circumftance.  M.  Macquer  thought  that 
that  depended  on  the  lofs  of  phlogifton  or  light,  which 
he  looked  on  as  one  of  the  principles  of  the  nitrous 
acid,  and  which,  by  dimpating  through  the  pores  of 
the  veffels  during  irs  decompohtion,  left  a  part  of  its 
pure  air,  which  could  not  be  diffipated  in  the  fame 
manner.  Although  this  laft  opinion  feems  very  well 
adapted  to  remove  the  difficulties,  it  may  be  objected 
to  M.  Macquer,  that  it  is  not  evident  why  part  of  the 
phlogiflon  fhould  remain  in  the  nitrous  gas,  whilft  the 
reft  was  exhaled  through  the  pores  of  the  veflel.  The 
kind  of  gas  uhich  remains  after  the  mixture  of  nitrous 
gas  with  air  has  not  a  little  embarrafled  the  chemifrs. 
This  reficlu urn  very  little  refembles  pure  air,  fmce,  ac- 
cording to  M.  Lavoifier,  7  J  parts  of  nitrous  gas,  'with 
four  parts  of  dcphlogifticated  air,  produced  only  3^  of 
their  whole  bulk.  This  gas  refembles  the  aerial  acid : 
it  extinguishes  candles,  and  precipitates  the  lime  of 
lime-water;  iris  much  more  abundant  after  the  decom- 
position of  nitrous  gas  by  atmofpheric  air.  Some  che- 
mifts  have  fuppofed,  that  this  refiduum  is  the  air  which 
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has  been  employed  to  decompofe  the  nitrous  gas,  and 
which  is  combined  with  the  phlogifton  of  this  gas.  But 
this  opinion  does  not  agree  with  the  experiment,  which 
demonftrates  that  the  pure  air  employed  is  united  with 
the  nitrous  gas,  to  form  the  nitrous  acid  from  which  it  may 
be  extracted.  It  is  poffible  that  this  portion  of  the  aerial 
acid  belongs  to  the  nitrous  acid  itfelf,  fince  we  know 
feveral  fads,  which  prove  that  this  laft  acid,  when  it  is 
decompofedin  clofe  veffels,  yields  a  certain  quantity  of 
the  firft.  It  appears  alfo,  that  in  certain  circumftances 
the  nitrous  acid  is  decompofed,  without  giving  nitrous 
gas,  and  is  entirely  changed  into  pure  air  and  aerial 
acid,  as  is  proved  by  the  alkaiifation  of  nitre  by  heat 
and  in  clofe  veffels. 

All  thele  views,  which  perhaps  are  very  far  from  the 
truth,  but  which  at  leaft  are  founded  upon  certain  and 
confirmed  facts,  prove  that  nothing  is  lefs  known  than 
the  nitrous  gas^  and  that  this  fingular  fubftance  merits 
a  particular  and  very  extenfive  examination.  The  ni- 
trous gas  does  not  combine  with  water.  This  fluid 
alters  it  after  a  long  time,  and  affumes  the  character  of 
an  acid  :  but  we  have  not  well  comprehended  this  kind 
of  alteration,  which  perhaps  is  owing  entirely  to  the  air 
contained  in  the  water.  The  earthy  and  alkaline  fub- 
ftanceSj  as  well  as  the  acids,  have  no  remarkable  action 
©n  this  gas. 

It  is  employed  to  determine  the  purity  of  the  air  ; 
but  it  only  fhows  the  quantity  of  refpirable  air,  which 
is  contained  in  the  kind  of  air  expofed  to  its  action,  as 
we  have  already  obferved. 

Species  5.    Aqua  Regia. 

The  alchemifls  gave  the  name  of  aqua  regia  to  an 
acid  compofed  of  two  others,  the  nitrons  and  marine, 
which  they  employed  to  diffolve  gold  the  king  of  me- 
tals. It  muft  always  appear  fingular,  that  two  acids, 
which  feparately  have  no  acYion  on  gold,  become  ca- 
pable of  diffolving  it  when  they  are  united.    The  alt 
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chemifts,  content  with  having  found  a  folvent  to  this 
precious  metal,  were  not  folicitous  to  inveftigate  the 
eaufe  of  this  phenomenon.    It  was  only  fome  years  ago 
that  two  Swedifh  chemifts,  M.  Scheele  and  Bergmany 
endeavoured  to  afcertain  the  alterations  which  the  ni- 
trous and  marine  acids  undergo  by  their  union.  The 
firft  of  thefe  chemifts  obferved,  that  in  diftilling  the 
marine  acid  from  the  calx  of  manganefe,  it  expanded 
into  a  reddifh  vapour,  with  a  fme!l  fimilar  to  that  of 
aqua  regia,  which  deftroys  the  blue  colour  of  vege- 
tables, has  a  very  firong  action  on  the  metals,  and  par- 
ticularly on  gold,  which  it  diffolves  in  the  fame  manner 
that  aqua  regia  does.  He  fuppofes  that  thefe  new  pro- 
perties are  owing  to  its  being  deprived  of  phlagifton  by 
the  manganefe  ;  and  that  in  confequence  of  this  change, 
it  has  a  very  ftrong  tendency  to  recover  that  principle 
wherever  it  finds  it,  and  that  this  change  inverts  it  with 
a  ftrong  action  on  combuflible  fubftances.    From  thefe 
properties  he  called  it  dephlogtjlicated  marine  acid.  We 
will  obferve  afterwards,  that  this  theory  is  quite  con- 
trary to  the  theory  of  Stahl,  which  Mr  Scheele  feems 
to  adopt  and  extend  ;  fmce  the  marine  acid,  on  lofing 
its  phlogifton,  acquires  new  properties,  which  that  great 
man  attributed  to  the  prefence  of  that  principle  ;  fuch  as 
volatility,  a  ftrong  knell,  and  a&ion  on  all  inflammable 
matters.    We  fuppofe,  however,  that  thefe  phenomena 
may  be  explained  with  more  probability  by  the  new 
theory,  which  we  mail  immediately  proceed  to  deliver. 

Mr  Bergman  thinks  that  the  nitrous  acid  feizes  on 
the  phlogifton  of  the  marine,  and  is  in  part  diflipated 
in  vapour ;  and  that  the  marine  is  in  the  fame  ftate  z.i 
when  diftilled  from  the  calx  of  manganefe  :  For  this 
reafon  aqua  regia  diffolves  gold,  in  confequence  only 
of  the  marine  acid  dephlogifticated  which  it  contains. 
This  is  the  opinion  of  the  celebrated  Upfalian  chemift." 
The  theory  which  feems  to  me  to  correspond  with  the 
facts  is  this :  When  the  nitrous  acid  is  poured  on 
(he  marine,  thefe  two  liquids  grow  warm,  become  co- 
loured,, 
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unengaged  and  emits  a  mixed  odour,  that  is  Ids  J 
»e  ratmg  than  the  pure  Tpirit  of  fait,  bu  q   te  pan  " 

he  c  lx  of  manganefe.  According  to  the  newdocW 

Lf  &  nitr°US  aC,d  never  f—  nitrons 

gas   except  it  Jofe  a  portion  of  its  air.    Now  if  this 

?cu   united  with  the  fpirit  of  fair,  gives  nitrous 

is  the  marine  ac.d  that  carries  off  a  portion  of  the  pure 

Z  WhlCh  thf  nhr0US  Contai"s-    ™*  marine  acid  in 

Dure"  °nIy  thC  madne  add  charg«» 

pure  an  j  and  wh.ch,  in  confequence  of  this  fuperabun- 

dant  prmcple  to  which  it  adheres  but  flightlv,  becomes 
capable  of  ca  cming  the  mod  perfed  metals   fuch  a 

buftiblf  fPLTna'        °f  ^  Whh  «PW»y  on  com 
bua.ble  fubftances  in  general.    For  that  reafon  it  is 
ueceflary  to  ufe  a  fmall  quantity  only  of  nitrous  acid  to 
give  the  marine  the  character  of  aqua  rcvia.    For  the 

Ickfird  ^Ihe  regUlif  fak  °f  &°ld  ^  yield,  marine 
acid  in  filiation,  as  has  been  very  lately  obferved  in 

aqua  regia  itfelf    But  it  is  proper  to  obferve,  that  as 
we  often  ufe  much  more  nitrous  acid  than  is  neceffary  to 
faturate  with  the  air,  or  to  dephlogifticate  the  marine 
acid,  the  aqua  regia  refulting  from  the  union  of  them 
contains  theie  two  acids ;  each  of  which  has  its  pecu- 
liar manner  of  adirig,  and  forms  particular  falts  with 
all  the  bodies  expofed  to  their  adibn.    It  might  then 
be  of  importance  to  determine,  how  much  nitrous  acid 
is  requinte  to  faturate  a  given  quantity  of  marine  with 
air,  and  to  convert  this  acid  into  aqua  regia ;  without 
which  care  it  would  contain  a  portion  of  aquafortis, 
which  alters  and  renders  its  adion  uncertain.  Hence 
chernifts  are  fenfible  how  neceifary  it  is,  in  their  re- 
fearches,  to  afcertain  the  refpedive  quantities  of  the 
acids  of  which  the  aqua  regia,  which  we  emplov,  is 
compofed.  . 

The  fpecific  gravity  of  aqua,  regia  is  lefs  than  that 
of  the  two  acids  which  compofe  it.    Its  fmcll  is  parti-  ! 
>  cular  5 


CHEMISTRY. 


cular;  its  colour  is  generally  of  the  yellow  hue,  and 
often  quite  on  the  orange  ;  its  action  on  the  different 
bodies  in  nature  diftinguifhes  it  from  all  the  other  acids. 
From  the  light  it  fuffers  no  fenfible  alteration.  Heat 
feparates  the  two  acids  which  it  contains.  The  air  caufes 
no  change.  It  combines  with  water  in  all  proportions, 
and  caufes  heat  during  their  mixture.  It  diflblves  clay 
but  gradually  j  it  unites  with  the  terra  ponderofa,  quick- 
lime, and  the  other  alkalis;  combinations  of  mixed  falts 
are  formed,  which  fometimes  cryftallize  together  when 
they  are  equally  foluble,  or  are  crHlallized  feparately, 
according  to  the  order  of  their  folubility.  Great  ufe  is 
made  of  aquaregia  in  chemiftry  and  in  the  art  of  effaying* 

LECTURE  XVI. 

Species  6.  Vitriolic  Acid. 

THE  vitriolic  acid  is  a  faline  fubftance  exceedingly 
cauflic;  when  concentrated,  it  burns  and  cau- 
terifes  the  Ikin,  reddens  the  fyrup  of  violets  without 
deftroying  its  colour,  and  only  poffefies  a  four  tails 
fomewhat  ftyptic  when  it  is  very  much  diluted.  It  is 
in  the  form  of  an  oily  fluid,  very  transparent,  double 
the  weight  of  water,  and  without  fmell.  This  fluid 
contains  the  acid  united  with  the  water;  from  which  it 
cannot  be  entirely  feparated  by  any  known  means.  For 
this  reafon,  fo  long  as  this  acid  is  pure,  it  is  always  in 
the  form  of  a  fluid,  at  leaft  it  cannot  be  rendered  folid  by 
cold.  That  which  is  called  glacial  oil  of  vitriol,  is  not 
pure  vitriolic  acid,  as  we  (hall  notice  in  another  place. 
It  is  without  doubt  the  fame  with  a  kind  of  fmoking 
oil  of  vitriol  of  Nordhaus,  mentioned  by  M.  Meyer, 
of  which  the  firft  diftilled  portions  become  cryftallized 
vvhen  they  are  cool. 

Stahl  looked  upon  the  vitriolic  acid  as  raoft  univerfally 

?r?er?ain  natUre'  and  as  the  PrinciPle  of  all  others. 
Ine  nrft  of  thefe  ailertions  founded  upon  this,  that 
linen  rags,  impregnated  with  fixed  alkali,  and  expofed  to 

the 
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the  air,  contain  at  length  vitriolated  tartar,  is  falfe  ; 
becaufc  thcfe  rags  do  not  contain  an  atom  of  this  fait, 
but  much  chalky  tartar,  which  the  moderns  impro- 
perly have  called  aerial  alkali.  As  to  the  fecond,  no- 
thing is  lefs  demonftrated  than  the  formation  of  all 
the  acids  by  the  vitriolic  ;  the  inquiries  of  the  moderns 
having  proved,  that  every  acid  has  its  particular  prin- 
ciples different  from  thofe  of  other  acids,  except  pure 
air,  which  feems  to  enter  into  the  compofition  of  every 
one  of  them. 

The  vitriolic  acid  expofed  to  the  contact  of  the  light 
in  veffels  that  are  tranfparent  and  accurately  fhut,  by 
degrees  acquires  colour,  and  forms  the  fulphureous 
acid.  Even  it  is  affirmed,  that  after  a  long  time  fome 
fulphur  is  produced  in  this  experiment.  But  this  facl: 
is  not  yet  certain :  if  it  were,  it  would  prove  that  the 
light  really  combines  with  the  vitriolic  acid  to  form 
fulphur. 

The  oil  of  vitriol  when  heated  lofes  part  of  its  water, 
^ becomes  concentrated,  and  is  volatilized  by  an  ex- 
treme degree  of  heat  only.  If  it  be  coloured,  it  lofes 
its  colour,  and  becomes  tranfparent  by  the  action  of  the 
fire.  This  operation  is  called  the  concentration  and  rec- 
tification of  the  vitriolic  acid.  While  it  is  going  on,  a 
very  ftrong  fmell,  and  penetrating  gas,  is  difengaged, 
•which  wei  (hall  know  very  foon  by  the  name  of  fulphu- 
reous gas. 

The  oil  of  vitriol  expofed  to  the  air,  attracts  humidi- 
ty from  it,  lofes  part  of  its  own  elalticity,  and  acquires 
colour  in  confequence  of  the  combuftible  particles  that 
float  in  the  atmofphere,  upon  which  this  acid  has  a 
ftrong  action.  It  often  attracts  much  more  than  its  own 
weight  of  atmofpheric  water. 

M.  le  Due  d'  Ayen  has  proved,  by  fine  experi- 
ments made,  in  the  extraordinary  cold  of  January  [776, 
that  oil  of  vitriol  much  concentred,  if  expofed  for  fome 
hours  to  a  cold  from  the  1 3th  to  the  1 5th  degree  of  Reau- 
mur's thermometer,  is  fuiceptiblc  of  congelation ;  that 
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when  diluted  with  two  or  four-parts  of  water,  it  congeals 
no  more;  that  when  congealed,  if  it  be  left  conftantly 
expofed  to  the  air,  it  becomes  fluid,  although  the  cold  be 
more  intenfe  than  the  cold  with  which  it  congeals. 
This  phenomenon  is  owing  to  the  water  that  is  attract- 
ed by  it  from  the  atmofphere,  with  which  it  unites  by 
producing  heat,  which  prevents  its  congelation. 

The  oil  of  vitriol  unites  with  water  with  all  the  phe- 
nomena which  announce  a  fudden  penetration  and  an 
intimate  combination.  It  produces  a  brifk  heat,  a  kind 
of  hifling,  and  difcharges  a  difagreeable  naufeous  fmell. 
This  acid  diluted  with  water  lofes  much  of  its  tafte ; 
its  fluidity  is  increafed,  and  then  it  is  called  the  fpirit  of 
'vitriol.  The  water  may  be  volatilized  by  heat,  which 
again  converts  it  into  oil  of  vitriol. 

This  acid  has  no  action  on  the  quartzy  earths ;  how- 
ever, it  in  part  diflblves  thofe  which  have  been  fufed 
with  the  fixed  alkalis,  and  which  feem  to  have  affumed 
the  character  of  clay.  It  combines  with  true  clay,  terra 
ponderofa,  magnefia,  quicklime,  and  the  other  alkalis. 
It  is  one  of  the  acids  which  adhere  raoft  ftrongly  to  I 
the  different  bafes^  as  will  appear  in  the  hiftory  of  the 
Neutral  Salts. 

The  combinations  which  it  may  form  with  the  other 
acids  have  not  been  inveftigated.  It  is  only  known 
that  the  nitrous  acid,  poured  upon  the  vitriolic,  blacken- 
ed by  fome  combuftible  body,  takes  away  its  colour,  and 
renders  it  tranfparent. 

The  manner  in  which  it  acts  upon  combuftible 
bodies,  difcovers  its  nature  and  principles.  When- 
ever a  combuftible  body,  fuch  as  any  animal  or  vege- 
table fubftance,  is  put  into  contact  with  the  oil  of 
vitriol,  that  body  fooner  or  later  acquires  the  appear- 
ance of  a  burnt  or  charry  matter^  and  the  acid  is  de- 
compofed.  But  this  alteration,  inftead  of  being  altoge- 
ther like  that  of  the  fpirit  of  nitre,  is  of  two  kinds,  ac- 
cording to  the  nature  of  the  combuftible  fubftance; 
that  is  to  fay,  during  the  combination  of  the  vitriolic 
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acid  with  the  combuftible  fubftance,  two  different  gafes 
are  difengaged ;  either  fome  inflammable  gas,  which  we 
ihall  examine  afterwards,  or  fulphurcous  gas ;  whilft 
the  nitrous  acid,  with  all  combuftible  fubftances,  con- 
itantty  gives  the  fame  gas  which  we  have  called  nitrous 
gas.  This  ftriking  difference  depends  entirely  on  the 
inflammable  fubftances  which  are  combined  with  the 
acid  ;  however,  as  the  produaion  of  the  fulphureous 
gas  is  more  frequent,  and  as  it  throws  more  light  than 
that  of  the  inflammable  on  the  principles  of  the  vitriolic 
acid,  it  is  chiefly  the  phenomena  that  accompany  the 
feparation  of  the  firft  which  it  is  neceffary  to  obferve 
with  attention. 

A  cold  combuftible  body  turns  black,  if  it  be  im- 
merfed  for  fome  minutes  in  oil  of  vitriol;  afterwards 
the  acid  becomes  of  a  brown  colour,  and  very  foon 
turns  black.    If  an  inflammable  fubftance  in  com- 
buftion  be  plunged  into  it,  as  a  burning  coal,  inftantly 
it  acquires  the  fmell  and  volatility  of  fulphur  ;  and 
emits  a  white,  fuffocating,  and  very  copious  fume.  If, 
for  the  fake  of  conceiving  more  fully  what  happens  in 
thefe  combinations,  this  acid  be  put  in  contad  with  a 
combuftible  body  that  is  more  fimple  than  the  organic 
fubftances,  and  whofe  alterations  are  more  eafily  fol- 
lowed and  afcertained  than  the  alterations  of  thefe  fub- 
ftances, we  can  then  arrive  at  the  knowledge  of  the 
principles  of  the  vitriolic  acid,  and  we  are  able  to  ana- 
iize  it.  ^  When  for  this  purpofe  we  heat  a  mixture  of 
oil  of  vitriol  and  mercury  in  a  glafs  retort,  the  neck  of 
which  is  put  under  a  veffel  full  of  this  metallic  fluid,  as 
foon  as  the  acid  boils,  a  permanent  gas  paffes  over,  of 
a  ftrong  and  fuffocating  fmell,  refembling  fulph  ur  when 
it  burns.    This  aeriform  fluid  is  called  julphureous  acid 
gas.    It  extinguifhes  candles,  kills  animals,  reddens 
and  takes  away  the  colour  of  fyrup  of  violets  :  it  unites 
with  water  with  lefs  rapidity  than  marine  acid  gas;  it 
diflblves  chalk,  camphire,  and  iron :  it  is  abforbed  by 
charcoal  and  all  bodies  that  are  very  porous. 

It 
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It  is  a  particular  acid,  a  modification  of  the  vitriolic, 
fufceptible  of  forming,  with  the  alkalis,  neutral  falts, 
which  are  different  from  thole  formed  by  the  vitriolic. 

Stahl,  who  very  attentively  obferved  all  thefe  im- 
portant phenomena,  fuppofed,  that  in  this  combination 
the  phlogifton  of  the  metal  united  with  the  acid  gave  it 
fmell  and  volatility  :  But  this  celebrated  chemift  not 
having  profecuted  the  experiment  farther,  undoubtedly 
did  not  perceive  that  a  very  ftrong  objection  to  this 
doctrine  might  be  made  from  this  very  fact.  M.  La- 
voifier,  M.Bucquet,  and  myfelf,  have  each  of  us  exa- 
mined the  iffue  of  the  reciprocal  action  of  the  mercury 
and  vitriolic  acid.  When  the  mixture  is  white  and  dry, 
but  very  little  fulphureous  gas  panes  over.  If  then 
this  mercurial  vitriolic  fait  be  heated  very  ftrongly,  there 
is  difengaged  a  little  water  and  a  gas  of  a  nature  quite 
different  from  the  firft.  It  is  fome  air  as  pure  and  as 
refpirable  as  that  which  Mr  Prieftley  has  named  depblo- 
giflicated  air.  As  this  paffes  over,  the  mercury  is  re- 
duced, flowing,  and  quite  like  that  which  was  employ- 
ed, except  fome  portions,  which  do  not  equal  a  fourth 
part  of  the  quantity  ufed  in  the  experiment.  Hence  it 
appears,  that  the  mercury  not  having  been  attracted, 
the  two  gafes  which  we  obtained  belong  to  the  vitriolic 
acid  which  has  been  decompofed. 

The  fulphureous  gas,  then,  appears  to  be  to  the  vi^ 
triolic  acid,  what  the  nitrous  gas  is  to  the  nitrous 
acid.  However,  there  is  really  much  difference  be- 
twixt the  compofitions  of  thefe  two  acids,  fince  it  is 
impoflible  to  recompofe  the  vitriolic  by  the  union  of 
the  two  gafes  which  it  furnilhes,  whilft  we  can  repro- 
duce the  nitrous  acid  at  pleafure,  by  combining  the  pure 
acid  and  the  nitrous  gas  which  are  feparated  during 
their  analyfis.  It  is  probable  that  the  vitriolic  acid 
cannot  be  reproduced  till  after  fome  length  of  time; 
fince  it  is  actually  effefted  by  expofing  to  the  air  the 
compounds  of  the  fulphureous  acid  and  different  bafes, 
which  by  degrees  contain  no  more  but  the  vitriolic 
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acid.  In  this  manner  the  combination  of  thefuIphureouS 
acid  and  vegetable  fixed  alkali,  called  the  fulphureous  fait 
cfStahl,  very  foon  becomes  true  vitriolated  tartar.  We 
muft  not  forget  to  obferve,  that  the  fulphureous  acid 
gas  is  a  mean  fubftance  between  the  vitriolic  acid  and 
fulphur ;  and  it  is  truly  this  laft  which  is  to  the  vitriolic 
acid  what  the  nitrous  gas  is  to  the  nitrous  acid. 

■  In  the  decompofition  of  the  vitriolic  acid,  there  is 
ftill  a  fact  which  I  ought  not  to  pafs  over  in  filence, 
viz.  that  the  pure  air  furnifhed  by  this  acid  is  mixed 
with  a  fmall  portion  of  aerial  acid.  This  fact  is  proved 
by  lime-water. 

The  vitriolic  acid  is  in  ufe  in  feveral  arts,  and  parti- 
cularly among  the  hatters  and  dyers.  It  is  employed 
in  medicine  as  a  violent  external  cauftic ;  and  internally, 
as  a  cooling,  tempering,  and  antifeptic  remedy.  In  the 
laft  cafe  it  is  diluted  with  water,  fo  that  it  poffefTes  but 
a  flight  acidity. 

The  fulphureous  acid  is  employed  in  dying  and  for 
taking  away  the  colour  of  filken  fluffs. 

Species  7.  Acid  of  Borax,  fedative  Salt. 

The  works  of  a  great  number  of  chemifts  have 
proved,  that  borax  is  a  perfect  neutral  fait,  formed  by  the 
combination  of  a  particular  acid  with  the  mineral  alkali : 
however,  fince  to  obtain  the  firft  of  thefe  falts,  called 
fedative  fait  by  Romberg,  who  difcovered  it,  we  are 
obliged  to  employ  other  acids ;  and  as,  on  the  other  hand, 
the  characters  of  the  fedative  fait  are  not  pointed  out, 
chemifts  did  not  agree  in  the  opinion  of  its  being  a  par- 
ticular acid.  1  he  greateft  part  of  them  thought  that 
it  was  a  kind  of  neutral  fait,  whofe  faturation  was  not 
complete,  and  which  confequently  was  fufceptible  of 
being  united  with  the  alkalis.  But  fince  M.  Hub. 
Fran.  Hoefer,  apothecary  to  the  great  duke  of  Tuf- 
cany,  difcovered  that  the  water  of  feveral  lakes  of  that 
country,  thofe  of  Caftelnuovo  and  Monterotondo  in 
particular,  contain  a  good  quantity  of  the  fedative  fait 
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quite  pure  in  folution,  which  forms  with  the  mineral 
alkali  true  borax,  it  cannot  be  doubted  that  this  fait  is 
a  particular  acid,  whofe  properties  it  is  necefTary  to  ex- 
amine apart.  It  is  even  probable  that  it  will  be  found  in 
feveral  other  mineral  waters  ;  and  it  feems  to  be  formed 
in  fat  fubftances  corrupted,  as  we  fhall  obferve  more 
fully  hereafter. 

Sedative  fait,  native,  or  extracted  from  borax  by  the 
procefTes  which  we  lhall  explain  in  the  article  on  this 
neutral  fait,  is  a  concrete  fubftance,  cryftallized  in  fmali 
fpangles,  very  flender,  and  of  a  confiderable  lightnefs. 
Sometimes  it  has  a  kind  of  brilliancy.  Its  tafte  is  weak, 
although  fenfibly  acid  ;  expofed  to  the  fire,  it  is  not  vo- 
latilized, but  it  fufes  into  a  tranfparent  glafs,  which  be- 
comes opaque  in  the  air  without  being  efftorefcent. 
This  glafs  is  the  fait  without  alteration. 

The  acid  of  borax  fuffers  no  alteration  from  the  con- 
tact of  air.  It  difTolves  with  difficulty  in  water,  fince, 
according  to  the  academicians  of  Dijon,  a  pound  of  this 
fluid  boiling  can  take  up  183  grains  only.  It  cry  uti- 
lizes by  cold,  and  partly  by  evaporation.  This  folution 
inftantly  reddens  the  tincture  of  turnfol,  and  alters,  al- 
though flowly,  the  fyrup  of  violets.  If  in  a  cucurbit 
furnifhed  with  a  head,  we  heat  fome  fedative  fait 
moiftened  with  water,  part  of  the  acid  will  fublime  by 
means  of  watery  vapours  which  carry  it  along ;  but  as 
foon  as  it  is  dry,  it  is  no  longer  volatile ;  which  proves 
that  this  fait  of  itfelf  is  fixed. 

The  fedative  fait  is  ufed  to  fufe  the  vitrefcent  earths ; 
and  by  fufion  forms  with  them  a  white  glafs.  By  the 
affiftance  of  heat  it  difTolves  the  earth  precipitated  from 
the  liquor  filicum.  It  unites  with  the  terra  ponderofa, 
magnefia,  quicklime,  and  the  other  alkalis  ;  and  com- 
bined with  thefe  fubftances,  it  forms  particular  falts, 
whofe  nature,  that  of  borax  excepted,  is  not  yet  per- 
fectly known. 

All  thefe  properties,  and  particularly  its  tafte,  the  red 
colour  which  it  gives  to  the  blue  tinfture  of  vegetables, 
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nnd  its  combination  with  the  alkalis,  fufficiently  point 
out  its  nature. 

The  aftion  of  the  acids  upon  fedative  fait  is  not  well 
known.  It  feems  to  decornpofe  the  vitriolic  acid,  be- 
caufe  it  is  converted  into  the  fulphureous  acid  when  it 
is  diftilled  from  this  fait. 

There  have  been  many  different  opinions  about  this 
fait.    Several  chemifts  believed  it  to  be  an  intimate 
combination  of  the  vitriolic  acid  and  vitrefcent  earth 
with  a  fatty  matter.    M.  Bourdelin  and  Cadet  fup- 
pofed  that  it  was  formed  of  the  marine  acid.    The  lat- 
ter imagined  that  it  contained  a  fmall  quantity  of  the 
earth  of  copper.    M.  Model  regarded  it  as  the  combi- 
nation of  a  particluar  alkali  and  the  vitriolic  acid  which 
is  employed  to  feparate  it;  but  fmce  this  fait  is  always 
the  fame,  whatever  acid  we  employ  to  feparate  it,  this 
opinion  cannot  be  admitted.    M.  Beaume  fays'  that 
he  made  fedative  fait  by  leaving  a  mixture  of  clay  and 
fat  to  macerate  for  eight  months.    He  extrafted,  at  the 
end  of  this  period,  by  warning,  a  fpangled  fait,  which 
poffeffed  all  the  properties  of  fedative  fait.    Hence  he 
thinks  that  this  fait  is  a  combination  of  the  acid  of  the 
fat  with  a  very  fine  earth,  of  which  it  is  impoffible  to 
deprive  it,    He  adds,  that  the  vegetable  oils  give  the 
fame  fait,  although  more  {lowly.    This  facl  has  been 
in  part  confirmed  by  the  difcovery  of  a  kind  of  borax, 
formed  in  ftagnating  foap-water.    The  hiftory  of  this 
difcovery  we  will  mention  in  the  article  upon  this  neu- 
tral fait. 

The  acid  of  borax,  or  that  of  fedative  fait,  has  been 
employed  in  medicine  fmce  the  time  of  Homberg,  who 
afcribed  to  it  a  calming,  and  even  narcotic  property; 
but  practice  has  taught  us,  that  this  fait  has  but  a  very 
inconfiderable  efficacy,  though  employed  in  a  much 
ftronger  dofe  than  that  which  he  prefcribed,  as  in  the 
quantity  of  a  gros  or  more.  What  makes  it  to  be 
laid  afide  with  lefs  regret,  is,  that  medicine  poffefles  a 
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great  number  of  remedies  of  this  clafs,  whofe  action  is 
much  more  powerful  and  much  more  certain. 

Order  II.    Secondary,  compound,  or  neutral  Salts. 

We  comprehend  under  the  name  of  fecondary  falts  all 
the  bodies  which  are  compofed  of  two  faline  fubltances 
combined.  Thefe  falts  have  been  called  neutral,  be- 
<:aufe  they  have  not  the  qualities  of  the  primitive  falts  ; 
that  is  to  fay,  they  are  neither  acid  nor  alkaline.  How- 
ever, this  is  not  the  cafe  with  fome  of  them,  as  borax, 
chalk,  and  the  mild  alkalis,  which  enjoy  fome  of  the  pro- 
perties of  primitive  falts,  but  in  a  degree  much  lefs  per- 
ceptible. Thofe  fecondary  falts  have  not  fo  llrong  a 
talteas  the  greateft  part  of  the  primitive  falts  have,  and 
their  tendency  to  combination  and  folubility  is  lefs  con- 
fiderable.  What  particularly  diftmguilhes  them  is  their 
incapacity  to  communicate  faline  properties  to  other 
bodies  as  the  primitive  falts  do.  They  are  equally 
combuftible  with  the  primitive  ;  and  their  conflant  cry- 
ftalline  form  is  a  noted  character,  the  ftudy  of  which 
belongs  to  the  naturalift,  and  which  foinetimes  points 
out  their  nature,  although  it  is  often  the  fource  of  er- 
ror in  that  refpecL 

The  molt  fixed  fubftance  which  enters  into  the  com- 
bination of  the  neutral  falts,  is  generally  termed  the 
bafe.  As  this  bafe,  which  is  fometimes  volatile,  affixes 
fome  conftant  general  properties  to  the  feveral  combi- 
nations with  the  different  acids  which  we  have  examin- 
ed, we  choofe  the  name  of  bafe  to  diftinguifti  the  ge- 
nera which  we  will  eftablifti  among  the  fecondary  falts. 
We  will  divide  thefe  falts  then  into  as  many  genera  as 
there  are  faline  bafes  which  are  capable  of  being  united 
with  the  acids. 

The  firfl  genus  will  comprehend  thofe  which  are 
formed  by  the  union  of  the  fixed  alkalis  with  the  acids  ; 
them  we  mall  call  neutral  or  fecondary  perfefi  falts, he- 
caufe  their  union  is  very  intimate. 

Thefecond  genus  will  include  thofe  which  are  com- 
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P°fed  °fM^e  volnatlIe  alkalis  combined  with  the  acids  j 
JThey  will  be  diftinguifhed  by  the  name  of  ammoniacal 
jalts  ;  a  name  adopted  from  one  of  the  falts,  which 
for  a  long  time  has  borne  that  name.  They  may  alfo 
be  termed  imperfed  falts,  becaufe  they  are  much  more 
eaWy  decompofed  than  the  former. 

.  In  the  third  genus  we  mail  rank  the  neutral  fait* 
whofe  bafe  is  quick-lime.  In  general  they  are  lefs  per-' 
led  than  thofe  of  the  fecond  genus,  although  lime  has 
more  affinity  with  the  acids  than  the  volatile  alkali  has, 
as  the  examination  of  them  will  prove.  Thefe  falts 
will  have  the  title  of  neutral  calcareous  falts. 

;  The  combination  of  magnefia  with  the  different  acids, 
will  conflitute  the  fourth  genus  of  neutral  falts.  Thefe' 
falts  are  more  eafily  decompofed  than  the  preceding, 
becaufe  lime  and  the  alkalis  have  a  greater  affinity  with 
the  acids  than  magnefia  has.  They  will  retain  the 
name  of  neutral  falts  with  bafe  of  magnefia.  The  fifth 
genus  will  be  left  for  thofe  which  have  the  pure  ar- 
gillaceous earth  for  their  bafe.  As  alum  is  the  prin- 
cipal ingredient  of  thefe  combinations,  we  (hall  give 
them  the  general  term  of  aluminous  falts.  The  alkalis, 
lime,  and  magnefia,  decompofe  the  falts  with  bafe  of 
clay. 

In  ihefixtb  and  lafl  genus,  we  will  place  the  neutral 
falts  with  bafe  of  terra  ponderofa.  Thefe  falts,  as  well 
as  moft  part  of  thofe  of  the  two  preceding  genera,  are 
almofl:  unknown.  There  are  even  fome  chemifls  who 
do  not  admit  of  this  particular  earth  ;  the  difcovery  of 
which  is  due  to  M. Bergman.  I  confefs  that  I  mould  have 
followed  their  example,  if  M.  d'Arcet,  whofe  great  me-  ' 
rit  and  accuracy  are  known,  had  not  enumerated  the 
terra  ponderofa  among  the  chemical  fubftances,  and  if  he 
had  not  made  a  particular  meeting  to  explain  the  pro- 
perties of  it  in  his  lafl  courfe  at  the  Royal  College. 

It  maybe  thought  that  thefe  different  bafes combined 
with  the  acids  whofe  properties  we  have  examined, 
ought  to  produce  a  great  number  of  neutral  falts  j  and 
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that  that  number  may  even  be  much  increafed,  if  it  be  ad- 
mitted, along  with  M.  Bergman,  that  fuch  are  particu- 
lar compounds  as  refult  from  the  union  of  thefe  fame 
bafes  with  the  acids  which  he  calls  phlogiflicated,  and 
which,  according  to  the  modern  doctrine,  are  deprived 
of  a  part  of  their  pure  air.  But  thefe  laft  fubftances 
are  only  modifications,  which  are  lefs  durable,  alter  by 
the  contact  of  air,  and  are  very  readily  converted  into 
true  neutral  falts.  We  are  of  opinion  that  their  number 
is  already  too  confiderable,  and  ought  not  to  be  mul- 
tiplied ;  and  we  do  not  mean  to  point  out  differences 
which  thefe  falts  prefent  according  to  the  flate  of  their 
acids.  We  obferve  further,  that  the  fubftances  or  bafes 
which  we  are  to  enumerate,  when  combined  with  aqua 
regia,  give  nitrous  and  marine  falts  mixed,  which  may 
be  obtained  feparately,  and  are  perfectly  fimilar  to  thofe 
that  thefe  two  acids  form  feparately.  We  will  only 
mention  the  combination  of  thefe  bafes  with  the  fix 
limple  acids. 

With  refpect  to  the  rank  and  difpofition  of  the  dif- 
ferent fpecies  of  neutral  falts,  we  imagine  that  we  ought 
to  follow  the  order  of  the  force  of  affinity  of  the 
acids.  Thus,  in  all  the  genera,  we  will  begin  with  the 
vitriolic  falts,  and  go  on  to  the  nitrous  ;  to  the  marine  ; 
to  thofe  into  which  the  acid  of  borax  enters  ;  to  thofe 
formed  by  the  fparry  acid  ;  and  will  finifh  our  detail 
with  the  falts  which  contain  the  chalky  acid,  becaufe  it 
feems  to  be  the  weaken:  of  all. 

Genus  I.    F  erf  eft  neutral  Salts,  or  Salts  with  bafe 
of  fixed  Alkalis. 

Species  I.  Vitriolated  Tartar. 
Vitriol  at  ed  tartar  is  a  perfeft  neutral  fait,  refult- 
ing  from  the  combination  of  the  vitriolic  acid  with  the 
alkali  of  tartar  or  the  fixed  vegetable  alkali.  This  fait 
appears  m  the  form  of  a  tranfparent  body,  more  or  lefs 
white  and  regular.  Irs  cryftals  vary  according  to  the 
circumltances  of  its  cryftallization.    When  it  is  made 
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in  final!  and  flowly,  it  forms  white  tranfparent  cryftals 
with  fix  fides,  iharpened  a  little  before  like  the  points 
of  rofe-cut  diamonds,  or,  what  happens  more  rarely 
it  forms  prifms  with  fix  furfaces,  terminated  by  one  or 
more  hexaedral  pyramids,  fomewhat  refembling  rock- 
cryftal:  But  if  the  evaporation  has  been  very  quick, 
all  the  cryftals  agglomerate  and  blend  themfelves  into 
the  form  of  a  folid  cruft,  thefurface  of  which  is  fet  with 
■points  in  irregular  pyramids.   Of  this  fort  is  that  which 
we  find  in  commerce.    In  fhort,  to  obtain  the  cryftals 
.of  this  fait  very  regular,  it  is  neceffary  to  fet  the  mother- 
water  of  its  folution  to  evaporate  flowly  and  fpontane- 
oufly.     By  this  means  we  obtain  folids  with  twelve 
faces,  formed  by  two  hexaedral  pyramids  united  at  their 
bafe.    It  is  true,  that  thefe  cryftals  are  commonly  im- 
pure, and  never  have  the  whitenefs  and  tranfparency 
of  thofe  which  are  obtained  by  the  firft  evaporation. 
But  this  is  a  difficulty  that  exifts  in  all  the  neutral  falts  : 
Almoft  always  they  are  white  with  the  lofs  of  form  or 
regular  with  the  lofs  of  tranfparency. 

Vitriolated  tartar  has  a  very  difagreeable  bitter  tafte. 
It  fuffers  but  little  alteration  by  the  fire ;  it  decrepitates 
when  we  put  it  on  burning  coals,  and  is  burnt  into 
fmall  fragments.    This  phenomenon  depends  on  the 
fudden  expanfion  of  the  water  of  its  cryftals ;  but  after 
it  has  decrepitated,  it  lofes  nothing  of  its  properties. 
If  weexpofe  it  in  a  crucible  to  the  action  of  the  fire,  it 
lofes  its  tranfparency,  and  becomes  dry  and  friable  by 
lofing  the  water  contained  in  its  cryftals.  It  grows  red 
before  it  fufes  ;  and  in  order  to  fufe  it,  an  extreme  vio- 
lent heat  is  requifite,  fuch  as  that  which  bakes  porce- 
lain, or  which  fufes  hard  glafTes.    With  this  degree  of 
heat  it  melts,  and  expofed  to  the  cold  it  forms  into  an 
opaque  mafs  friable  and  foluble:  but  it  fuffers  no  other 
alteration  in  its  principles  ;  for  we  can  reftore  its  tran- 
fparency and  cryftalline  form  by  rediffolving  it  in  wa- 
ter.   If  it  be  kept  in  fufion  for  fome  time  it  is  volati- 
lized, but  always  without  being  decornpofed. 
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Vitriolated  tartar  fuffers  no  alteration  from  the  air  ; 
it  retains  its  cryftalline  flare,  without  fuffering  any 
change  in  its  form  or  in  its  tranfparency.    It  has  little 
folubility  in  water  ;  but,  however,  varies  according  to 
the  temperature  of  the  fluid.    According  to  M.  Spiel- 
man,  ic  requires  about  eighty  parts  of  cold  water  to  dif- 
folve  one  of  vitriolated  tartar  ;  but  when  the  water  is 
boiling,  it  dhTolves  almoft  a  fourth  of  its  weight,  four 
ounces  of  boiling  water,  according  to  M.  Beaume,  being 
capable  of  diffolving  feven  gros  and  forty-eight  grains 
of  vitriolated  tartar  :  It  cryftallizes  in  part  by  cold,  and 
ftill  more  by  evaporation;  it  contains  but  little  water  in 
its  cryftals;  for  which  reafon  it  fuffers  no  alteration 
when  expofed  to  the  air. 

Vitriolated  tartar  has  no  action  upon  the  fimple 
earths.  It  is  an  obfervation,  that  a  quantity  of  it  which 
by  chance  has  been  united  with  the  falts  that  are  ufed 
as  fluxes,  and  employed  in  the  manufacture  of  glafs,  is 
found  in  the  fcorias,  and  contributes  nothing  to  the  vi- 
trification ;  a  circumftance  which  undoubtedly  depends 
upon  its  infufibility.  According  to  M.  Bergman,  the 
terra  ponderofa  readily  decompofes  it,  becaufe  it  has  a 
greater  affinity  with  the  vitriolic  acid  than  the  vegetable 
fixed  alkali  has.  If  a  little  of  that  earth  be  put  into  a 
folution  of  this  fait,  the  fpathum  ponderofum  is  preci- 
pitated, and  is  quite  infoluble.  It  (hall  be  examined 
afterwards.  The  vegetable  fixed  alkali  remains  pure 
and  cauftic  in  the  folution.  Quick-lime  and  magnefia 
have  no  action  upon  vitriolated  tartar  ;  but  feveral 
acids  have  a  very  remarkable  one  upon  it.  M.  Rouelle 
has  imagined  that  it  was  poflible  to  combine  a  greater 
quantity  of  the  vitriolic  acid  with  it.  This  procefs 
confifts  in  diftilling  fome  oil  of  vitriol  upon  vitriolated 
tartar,  which  remains  impregnated  with  the  acid,  and 
derives  fome  new  properties  from  it;  fuch  as  redden- 
jng  the  fyrup  of  violets,  being  more  foluble  in  water, 
having  a  four  tafte,  and  raifing  an  effervefcence  with 
the  mild  alkalis,  even  after  being  diffolved  and  cryftal- 
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hzecL  M.  Beaume  proves  that  the  acid  is  not  really 
combined,  and  that  it  may  be  feparated  from  the  neu- 
tral fait,  by  fimply  making  it  drop  through  grey  paper 
or  through  fand.  M.  Macquer  remarks,  that  the  vi- 
triolic acid  adheres  with  confiderable  force  to  the  vitri- 
olated  tartar  ;  and  that  this  adherence  is  owing  to  a 
particular  affinity  betwixt  thefe  two  fubftances,  fincc 
the  acYion  of  fire  and  water  cannot  deftroy  it. 

M.  Beaume  obferves,  that  vitriolated  tartar  fuffers  an 
alteration  much  more  remarkable  from  the  nitrous  acid. 
If  fome  aquafortis  is  poured  upon  it,  and  made  to  boil, 
the  nitrous  acid  attracts  the  vegetable  fixed  alkali,  and 
difengages  the  vitriolic.  By  leaving  this  mixture  to 
cool,  fome  true  nitre  is  formed. 

It  has  been  faid,  that  this  decompofition  is  not  ef- 
fected without  the  affiftance  of  heat  ;  I  have  found 
that  fuming  fpirit  of  nitre  poured  upon  vitriolated  tar- 
tar in  powder  depofits  fome  cryflals  of  nitre  in  the 
fpace  of  a  few  hours.  It  has  alfo  been  affirmed,  that 
when  the  mixture  becomes  cold,  the  vitriolic  acid  re- 
attra&s  the  alkali,  and  in  its  turn  decompofes  the  nitre. 
However,  I  have  kept  for  a  year  a  mixture  of  vitriolated 
tartar  and  fpirit  of  nitre,  at  the  bottom  of  which  were 
faline  cryftals,  which  detonated  upon  the  coals,  and 
which  did  not  change  their  nature,  although  they  were 
put  into  vitriolic  acid  feparated  by  the  nitrous  acid. 
M.  Bergman  and  Cornette  have  difcovered  that  the 
concentrated  marine  acid  alfo  decompofes  vitriolated 
tartar  even  in  the  cold. 

From  thefe  two  facts  it  follows,  that  the  law  of  affi- 
nity, relative  to  the  different  acids,  is  not  fo  conftant 
as  has  been  fuppofed  ;  however,  it  is  proper  to  obferve 
with  M.  Bergman,  that  in  this  experiment  a  third  only 
of  vitriolated  tartar  is  decompofed,  whatever  be  the 
quantity  of  nitrous  and  marine  acids  employed,  whilft 
the  vitriolic  acid,  in  a  moderate  dofe,  completely  de- 
compofes the  nitrous  and  marine  falts. 
The  moft  important  decompofition  of  vitriolated  tar- 
tar, 
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tar,  is  that  which  happens  by  the  addition  of  almofl  all 
combuftible  matters,  and  particularly  of  charcoal.  If 
we  apply  a  ftrong  heat  to  a  mixture  of  this  fait  and 
charcoal  in  a  crucible,  the  vitriolated  tartar  will  no 
longer  exift,  and  there  will  be  found  only  fome  fulphur 
united  with  the  fixed  alkali.  Stahl  looked  upon  this 
experiment  as  well  fuited  to  demonftrate  the  prefence 
of  phlogifton.  It  will  be  known,  in  the  article  of  Sul- 
phur, what  we  ought  to  think  of  it :  It  is  only  neceffary 
to  obferve,  that  the  vitriolic  acid  has  changed  its  nature, 
and  has  become  fulphur. 

Vitriolated  tartar  very  rarely  exifts  in  nature  ;  it  is 
almofl:  always  a  production  of  art.  It  may  be  made  in 
three  ways  :  The  firft  is  by  directly  combining  vitrio- 
lic acid  with  the  cauftic  vegetable  fixed  alkali.  From 
this  union  fome  vitriolated  tartar  accordingly  remits, 
which  may  be  dilTolved  in  water,  and  made  to  cryftal- 
lize,  as  has  been  already  mentioned. 

The  fecond  way  is  to  decompofe,  by  the  aid  of  the 
vitriolic  acid,  the  neutral  falts  which  are  formed  by  the 
union  of  the  vegetable  alkali  with  the  other  acids  ;  fucn 
as  nitre,  febrifugal  fait  of  Sylvius,  and  the  tartar  with  - 
chalky  acid  :  there  always  refults  fome  vitriolated  tartar 
from  thefe  decompofitions. 

The  third  way  of  forming  this  fait,  is  to  decompofe 
the  vitriolic  falts  with  earthy  or  metallic  bales,  by  means 
of  the  vegetable  alkali.  The  alkali  precipitates  the  fa- 
line  earthy  and  metallic  fubftances,  united  with  the 
vitriolic  acid. 

We  mail  return  to  the  hiftory  of  the  two  laft  ways  of 
preparing  vitriolated  tartar,  when  we  come  to  inquire 
into  the  neutral  falts  which  are  employed  for  this  pre- 
paration. 

Vitriolated  tartar  is  ufed  in  medicine  only.  It  i$  a 
very  good  purgative.  It  fometimes  is  adminiftered 
alone,  in  the  dofe  of  half  an  ounce  or  an  ounce.  For 
the  mod  part  it  is  prefcribed  in  the  dofe  of  one  or  two 
gros  only,  joined  as  an  auxiliary  to  other  purgatives. 

It 
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It  is  alfo  employed  as  a  folvent  in  chronic  difeafes,  and 
particularly  in  ohftcuctions  of  the  milk  :  Then  it  is  given 
in  a  dofeof  a  few  gros  in  any  convenient  while. 

LECTURE  XVII. 
Species  2.  Glauber's  Salt. 

TtiE  fait  of  Glauber,  a  German  chemift,  who  #f- 
covered  it,  is  a  perfect  neutral  fait,  formed  by  the 
union  of  the  vitriolic  acid  and  the  marine  or  mineral 
alkali.  This  fait  has  many  properties  in  common  with 
vitriolated  tartar,  and  it  has  fome  particular  ones.  It 
is  equally  cryflallizable  ;  it  has  a  bitter  tafte  ;  it  is  very 
unfufible  ;  it  diffolves  eafily  in  water  ;  it  does  not  unite 
with  the  earths ;  it  may  be  decompofed  like  vitriolated 
tartar  by  the  acids.  However,  feveral  of  thefe  proper- 
ties of  it  recede  far  from  thofe  of  the  vitriolated  tartar, 
as  we  mail  fee  in  their  defcription. 

Glauber's  fait  is  a  body  more  or  lefs  white  and  tranf- 
parent,  and  generally  of  a  regular  form.  Its  cryftals 
are  prifms  with  fix  ftriated  furfaces,  terminated  by  two- 
fided  tops.  Their  form,  however,  is  rarely  fo  very  re- 
gular :  The  number  of  their  furfaces  varies,  as  well  as 
their  extent,  their  pofition,  and  their  ftrise.  The  tafte 
of  Glauber's  fait  is  at  firft  cooling,  afterwards  extremely 
bitter.    It  does  not  alter  the  blue  colour  of  vegetables. 

Expofed  to  the  action  of  the  fire,  it  fufes  very  rea- 
dily ;  but  it  dries  and  foon  becomes  of  a  white  hue. 
In  this  ftate  it  requires  a  confiderable  heat  to  fufe  it, 
fuch  as  is  ufed  for  the  fufion  of  the  hard  glafles.  To 
have  a  proper  notion  of  what  paflcs  in  the  acYion  of  the 
fire  upon  it,  it  is  necelfary  to  diftinguifh  two  kinds  of 
fufion  in  faline  matters ;  one  of  which  is  owing  to  the 
water  that  enters  into  the  form  of  their  cryftals,  and  is 
called  the  watery  fufion.  This  happens  only  in  the  cafe 
of  falts  which  are  more  foluble  in  warm  water  than  in 
cold  ;  and  it  is  owing  to  this,  that  a  portion  of  this  fluid, 
which  is  one  of  the  principles  of  faline  cryftals,  is  heat- 
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cd,  and  hence  becomes  capable  of  diflblving  the  faline 
matter.  This  aqueous  fufion,  then,  is  only  a  folution 
by  means  of  hot  water  :  But  if  the  heating  of  the  fufed 
fait  is  continued,  it  dries  and  becomes  white  ;  then  the 
f  ufion,  which  is  effected  by  means  of  a  great  heat  only, 
is  truly  owing  to  the  fire,  and  is  called  ignited  fufion. 
Glauber's  fait  then  is  as  difficult  of  fufion  as  vitriolated. 
tartar;  like  which  it  is  alfo  volatilized  by  the  greateft 
degree  of  fire. 

The  great  qrantity  of  water  that  the  cryftals  of  Glau- 
ber's fait  contain,  is  alfo  the  caufe  of  that  property  which 
they  poffcfs,  of  being  reduced  into  a  very  fine  white 
powder  when  they  are  expofed  to  the  air.  This  phe- 
nomenon is  called  efflorefcence^  becaufe  the  cryftals  are 
really  covered  with  a  powdery  down,  refembling  the 
whitenefs  and  appearance  of  fome  flowers.  The  lofs  of 
the  water  in  their  compofition  is  the  only  reafon  of  their 
falling  into  powder ;  the  efflorefcence  alio  is  always  mod 
rapidly  formed,  and  raoft  remarkable,  when  the  air  is 
very  dry,  and  confequently  very  attractive  of  moifture. 
This  phenomenon  then  is  very  analogous  to  the  exfic- 
cation  by  means  of  heat,  both  depending  on  the  eva- 
poration alone  of  the  water,  which  makes  a  conftituent 
part  of  the  cryftals.  Howeverr  as  the  water  which  en- 
ters into  the  cryftals  of  Glauber's  fait,  and  into  thofe  of 
the  efflorefcent  falts  in  general,  is  accurately  combined 
with  the  faline  matter,  it  appears  that  the  efflorefcence  is 
owing  to  a  kind  of  affinity  between  the  air  and  the  water. 
This  has  always  been  my  conception  of  it  j  and  I  do 
not  fee  how  it  can  be  explained  otherwife. 

Glauber's  fait  lofes  about  a  third  of  its  weight  by  this 
alteration :  but  its  nature  is  not  changed  ;  it  refumes 
its  cryftalline  form  upon  reftoring  the  water  which  it 
had  loft. 

It  is  of  importance  to  know  exaftly  the  quantity  of 
water  which  Glauber's  fait  lofes  in  its  efflorefcence,  in 
order  that  a  proper  dofe  of  it,  as  a  medicine,  may  be 
always  prefcribed  in  each  of  thefe  two  ftates.    A  third 
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Ids  ought  to  be  given  when  it  is  in  an  efflorefcent  ftata 
than  when  it  is  in  fine  tranfparent  cryftals. 

Glauber's  fait  is  very  foluble  in  water.  It  requires 
only  four  parts  of  cold  water  to  diffblve  it.  The  quan- 
tity of  water  neceffary  for  its  folution  diminilhes  in  pro- 
portion to  the  heat  of  that  fluid.  A  given  quantity  of 
boiling  water  dili'olves  an  ecjual  quantity  of  the  fait. 
Upon  this  property  itscryftallization  depends:  As  it  is 
more  foluble  in  warm  water  than  in  cold,  it  is  fufficient 
to  allow  a  very  ftrong  folution  of  it  to  cool ;  and  it  gives 
cryftals  fo  much  the  more  beautiful  and  regular,  as  the 
folution  is  made  in  greater  quantity,  and  as  it  cools  more 
flowly. 

Glauber's  fait  has  no  more  action  upon  the  earths 
than  vitriolated  tartar  has ;  and  from  want  of  fufibility, 
it  enters  no  more  than  the  vitriolated  tartar  does  into  the 
formation  of  glafs.  The  terra  ponderofa  decompofes 
it  as  it  does  vitriolated  tartar  ;  but  from  the  other  faline 
earthy  fubftances,  it  feems  to  fuffer  no  alteration. 

The  cauftic  vegetable  fixed  alkali,  mixed  with  a  fo- 
lution of  Glauber's  fait,  decompofes  it,  according  to 
a  difcovery  of  M.  Bergman,  and  vitriolated  tartar  is 
obtained  by  evaporation.  There  remains  in  the  mother- 
water  fome  cauftic  mineral  alkali. 

The  nitrous  and  marine  acids  decompofe  it  in  the 
fame  circumftances  as  they  do  vitriolated  tartar  ;  and 
when  it  is  ftrongly  heated  with  charcoal,  it  forms  fome 
fulphur,  juft  as  the  laft  mentioned  fait  does. 

All  the  properties  of  Glauber's  fait,  which  differ 
from  thofe  of  vitriolated  tartar,  are  manifeft  ;  fince  the 
two  fixed  alkalis,  which  are  perfectly  alike  when  con- 
fidered  in  their  ftate  of  purity,  are,  however,  very  dif- 
ferent from  one  another,  forming  with  the  fame  acid 
very  different  falts. 

Glauber's  fait  is  more  abundant  in  nature  than  vi- 
triolated tartar.  It  is  found  in  great  quantity  in 
fea-water,  in  faline  fountains,  and  particularly  in  fe- 
veral  mineral  waters.    Befides,  art  can  produce  it  in 
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the  three  ways  mentioned  in  the  article  of  Vitriolated 
Tartar.  It  is  not  more  employed  in  the  arts  than 
the  former,  but  much  more  than  it  in  medicine.  It 
is  given  as  a  folvent,  aperient,  and  purgative,  from 
halt  a  gros  to  an  ounce  and  a  half,  according  to  the 
cafe  in  which  it  is  adminiftered.  Its  effects  are  even 
more  remarkable  and  more  fpeedy  than  thofe  of  vitri- 
olated tartar,  becaufe  it  is  much  more  foluble  in  our 
humours,  and  its  tafte  ftronger. 

Species  3.  Nitre, 

Nitre,  or  Saltpetre,  is  a  neutral  fait,  formed  by 
the  union  of  the  nitrous  acid  with  the  alkali  of  tar- 
tar. It  has  a  cooling  tafte,  is  perfectly  neutral,  and 
does  not  in  the  leaft  change  the  colour  of  the  fyrup  of 
violets.  The  cryftals  are  prifms,  with  fix  furfaces,  ter- 
minated by  pyramids,  diedres  ou  en  bifeau  (a),  and 
frequently  perforated  by  a  canal  which  paffes  through 
their  whole  length. 

This  fait  exifts  in  great  abundance  in  nature.  It  is 
daily  formed  in  places  inhabited  by  animals,  where  we 
find  it  in  great  quantities  upon  the  walls.  In  this  ftate 
it  is  called  faltpetre  (b)  de  houffage.  Three  principal 
drcumftances  feem  to  favour  its  formation.  The  firtt 
is  the  prefence  of  chalk,  or  of  fome  calcareous  fait.  In 
this  manner  the  nitre  de  houffage  is  formed,  which  is 
fcraped  off  from  walls  that  are  covered  with  plafter  ; 
and  this  is  the  caufe  why  the  ruins  of  old  buildings  a£ 
ford  it  in  confiderable  quantities.  It  is  alfo  found  quite 
pure  in  chalk  beds :  M.  le  Due  de  la  Rouchefoucauld 
procured  an  ounce  in  the  pound  of  a  chalk  of  Roche- 
Guyon. 

t  The  fecond  circumflance  which  favours  its  forma- 
tion, is  the  putrefaction  or  fpontaneous  decompofition 
Vol.  I.  O  of 

«  \XmdZ  ZSSfr  U  3  tCrm  °f  art'  fi2nifyIn*  two-fided' 
to^efinTd!'  t?fm  '8        t0  fignify  C°arfc  °r  impUrC>  in  oPPofil,'0n 


210 


LECTURES  ON 


of  vegetable  and  animal  fubflances.  It  is  a  fact  well 
known,  that  places  moiftened  with  animal  fluids,  or 
which  contain  animal  fub(tances  in  putrefaction,  fuch 
as  dunghills,  {tables,  and  privies,  produce  abundance 
of  it.  The  conusant  obfervation  of  this  has  taught  us 
to  form  artificial  hillocks  for  its  production.  Ditches 
or  earth-houfes  are  formed,  which  are  covered  a-top, 
but  expofed  to  the  air  in  the  fides :  Thefe  are  filled 
with  animal  fubflances ;  fuch  as  dung,  excrements  of 
quadrupeds,  faeces  of  birds,  rubbiih  of  vegetables.  We 
moiften  this  compofition  from  time  to  time,  and  ftir  it 
in  order  to  allow  the  air  free  accefs  through  it.  When 
the  putrefaction  has  advanced,  we  take  a  fmall  quanti- 
ty of  it,  and  warn  it,  that  w«  may  know  the  quantity 
of  nitre  which  it  contains.  If  the  quantity  it  contains 
be  confiderable,  the  whole  undergoes  the  fame  procefs. 

The  third  circumftance  which  favours  its  production, 
is  the  contact  of  the  air.  This  is  the  caufe  of  the  for- 
mation of  the  nitre  de  houflage.  It  is  with  the  fame 
intention  they  itir  the  mixture  of  the  materials  for  the 
artificial  production  of  it,  to  permit  the  air  to  touch 
it  in  all  points ;  and  to  confirm  this,  the  chalks,  which 
naturally  contain  nitre,  furnifh  it  only  to  a  certain 
depth  under  the  furface,  and  never  below  that. 

If  thefe  three  circumftances  be  united,  the  formation 
of  nitre  will  be  very  abundant. 

Thefe  are  the  principles  which  are  neceffary  in  the 
conftruction  of  the  nitrous  hillocks. 

This  fait  undergoes  confiderable  changes  from  heat* 
If  it  be  expofed  in  a  crucible  to  the  action  of  fire,  it 
foon  liquefies,  and  this  liquefaction  is  a  true  fufion  ; 
for  though  it  be  kept  for  fome  time  in  this  ftate,  it 
does  not  grow  dry,  but  may  be  made  red  hot  without 
lofing  fluidity.  If,  while  in  this  ftate,  it  be  poured  upon 
a  cold  body,  it  affumes  the  appearance  of  an  opaque 
mafs  fomcwhat  vitreous,  called  mineral  cryflal,  which  is 
as  weighty,  as  fufible,  and  as  foluble  as  the  cryftals* 
There  is  this  difference  between  the  fait  bearing  this 
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frame  in  pharmacy  and  pure  nitre  fufed,  that  the  for- 
mer contains  a  fmall  quantity  of  vitriolated  tartar,  which 
is  produced  by  the  burning  of  the  fulphur  that  is  added 
in  the  proportion,  of  one  gros  to  the  pound  of  nitre, 
according  to  the  pharmacopoeia  of  Paris. 

If  we  leave  fufed  nitre  to  the  action  of  firej  it  decom- 
pofes  itfelf,  and  becomes  alkalized  without  addition. 
This  procefs  alfo  fucceeds  when  performed  in  a  retortj 
and  at  the  fame  time  throws  light  on  the  decompofition 
of  the  acid.  In  place  of  obtaining  it  pure,  a  large  quan- 
tity of  an  aerial  fluid  pafles  over,  which  cannot  be  col- 
lected above  water,  and  is  true  dephlogifticated  air.  In 
general,  the  remaining  alkali  quickly  fufes  the  retort, 
and  prevents  the  procefs  from  being  continued  to  the 
end.  Here  then,  we  fee,  that  the  nitrous  acid  is  en- 
:irely  changed  into  pure  air,  without  any  nitrous  gas 
being  perceived. 

Nitre  exhibits  a  different  appearance,  when  we  ex- 
pofe  it  to  the  action  of  fire  along  with  combuftible  bo- 
dies.   When  laid  on  charcoal,  it  produces  a  white  vivid 
lame,  accompanied  with  a  kind  of  decrepitation.  This 
s  what  is  called  the  detonation  or  fufion  of  nitre  :  Hence 
t  is  faid  that  this  fait  detonates  or  fufes.  Stahl  believed 
hat  this  phenomenon  was  owing  to  the  rapid  union  of 
he  nitrous  acid  with  phlogifton.    M.  Beaume,  follow- 
ng  out  this  theory,  thought  that,  in  this  experiment,  a 
kitrous  fulphur  was  formed,  which  inftantly  takes  fire, 
n  1780,  I  prefented  a  memorial  to  the  academy,  in 
vhich  I  demonftrated,  that  nitre  is  not  combuftible,  and 
hat  it  does  not  form  nitrous  fulphur  in  its  detonation  ; 
»ut  that  this  phenomenon  is  folely  owing  to  the  com- 
mftible  matter,  which  it  is  neceflary  to  add  to  the  nitre 
or  its  detonation,  which  burns  more  or  lefs  rapidly, 
vith  the  affiftance  of  the  pure  air  that  is  dilengaged  in 
Teat  abundance  from  the  nitre  ftrongly  heated.  This 
heory  is  completely  proved  ;  1 .  Becaufe  nitre  does  not 
tetonate  alone  :  2.  Becaufe,  after  the  detonation  of  it 
rith  an  inflammable  fubftanoe,  the  latter  is  entirely 
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confumed :  3.  Becaufe  the  greater  the  proportion  of 
the  nitre  is  to  the  inflammable  fubftance,  the  more  com- 
pletely the  body  is  confumed  :  4.  Becaufe  the  detona- 
tion of  nitre  takes  place  in  clofe  veflels,  as  well  as  in  the 
open  air,  which  could  not  happen  without  the  aid  of 
the  pure  air  that  is  furnifhed  by  the  fait. 

This  afiertion  is  fully  demonftrated  by  what  happens 
in  the  procefs  for  making  cliflus  of  nitre,  which  are  no 
other  but  detonations  of  this  fait  with  inflammable  fub- 
ftances  in  clofe  veflels.  We  fliall  only  mention  here 
hs  effects  with  charcoal.  Two  or  three  globes  are 
adapted  to  a  retort  of  earth  or  iron  ;  in  the  upper  part 
of  which  an  opening  has  been  formed  that  we  may  (hut 
up  with  a  lid.  The  retort  is  made  hot ;  and  when  its 
bottom  is  red,  the  mixture  of  nitre  and  charcoal  is  pro- 
jected by  degrees  through  the  aperture.  During  the 
detonation  the  globes  are  filled  with  vapours,  part  of 
which  condenfe  into  an  infipid  liquor,  noways  acid,  and 
often  alkaline  ;  the  refiduum  is  entirely  mild  fixed  al- 
kali. The  nitrous  acid  is  then  entirely  dedroyed  :  a 
considerable  quantity  of  gas  is  produced;  which  may  be 
collected  by  adapting  to  the  upper  part  tubulated  globes, 
or  a  bladder  or  tubes,  which  are  immerged  into  veflels 
full  of  water.  The  gas  is  in  a  great  meafure  aerial  acid, 
mixed  with  a  little  inflammable  gas. 

In  all  the  cafes  in  which  nitre  is  decompofed  by  the 
action  of  the  fire,  the  refiduum  of  fixed  alkali  makes  a 
brilk  eftervefcence  with  acids,  and  is  united  with  a  cer- 
tain quantity  of  aerial  acid  ;  neverthelefs  it  contains  not . 
a  particle  of  it  when  united  with  the  acid  of  nitre.  The 
aerial  acid,  then,  can  only  arife  by  the  decompofition  of 
the  nitrous  acid  in  clofe  veflels,  and  perhaps  is  one  of  its 
principles.  The  remaining  alkali  is  generally  called  by 
the  improper  name  of  nitre  fixed  by  charcoal.  It  is  one 
of  the  pureft  alkalis  which  we  know. 

From  the  facility  with  which  heat  decompofes  nitre, 
we  undevftand  that  it  mufl  not  be  kept  too  long  on  the 
fire  when  defigned  to  form  mineral  cryftal.  Without 
this  precaution  the  medicine  would  contain  the  fixed 
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alkali  in  all  its  acrimony  j  the  cflcft  of  which  would  be 
much  more  violent. 

Nitre  well  purified  is  not  fenfibly  changed  by  the  air. 
It  is  very  foluble.  Three  or  four  parts  of  cold  water 
dilfolve  one  of  nitre  ;  and  boiling  water  dhTolves  double 
its  weight.  The  folution  cryftallizes  by  being  expofed 
to  cold.  Upon  thefe  two  principles  is  founded  the  art 
of  extracting  nitre  from  rubbifh  in  which  it  is  contain- 
ed. The  faltpetre-makers  pound  the  rubbifh,  and  put 
it  into  a  veffel,  whofe  bottom  having  a  hole  bored  in 
the  middle,  is  covered  with  afhes.  They  make  water 
pafs  through  it,  fo  that  it  may  carry  off  the  fait  in  con- 
fiderable  quantity  ;  taking  care  to  put  pure  water  on 
the  rubbifh  already  warned,  with  the  view  of  draining 
it  quite,  and  putting  the  water,  which  has  been  thus 
impregnated,  on  new  rubbifh,  with  the  view  of  fatura- 
ting  it  completely  (c).  Afterwards  they  evaporate  the 
mother-water  of  the  nitre  in  copper  veffels.  They 
fcum  off  the  firft  pellicles,  which  are  nothing  elfe  but 
a  marine  fait  that  was  contained  in  the  rubbifh,  that 

O  3  they 

(c)  The  mother-water  of  nitre  is  employed  to  lixiviate  frefli 
cargoes  of  materials,  upon  the  fuppofition  that  it  will  promote  the 
formation  of  more  nitre.  It  is  not,  however,  evident  in  what  way  it 
can  produce  this  effeft,  as  the  mother-water  confifts  of  nitrous  ackl 
already  formed,  which  requires  nothing  but  the  addition  of  fome 
fixed  vegetable  alkali  to  yield  perfeft  cryltals  of  nitre.  Along  with 
the  nitrous  acid  there  is  a  portion  of  the  marine,  which  it  is  necef- 
fary  to  feparate  by  fome  proper  management.  The  procefs  which 
has  been  lalt  recommended  for  this  purpofe,  difplays  confiderable 
ingenuity.  We  are  defired  to  take  a  given  meafure  of  the  mother  - 
water,  and  to  afcertain,  by  experiment  the  exaft  quantity  of  alka- 
line fait  requifite  for  the  complete  faturation  of  all  the  acid  which  it 
contains.  We  are  next  gradually  to  drop  fome  folution  of  lead  in 
fpirit  of  nitre,  into  the  fame  meafure  of  mother-water.  The  inftil- 
lation  of  every  drop  occafions  a  cloudinefa,  becaufe  the  marine  acid 
in  the  liquor  decomposes  the  metallic  fait,  and  ftizes  upon  the  lead, 
forming  an  infoluble  compound,  which  falls  to  the  bottom  of  the 
water  in  the  form  of  a  white  powder.  We  continue  to  add  the  fo- 
lution of  lead  fo  long  as  any  decompofition  takes  place ;  and  when 
all  the  marine  acid  is  faturated,  we  pour  off  the  liquor,  dry  the  pre- 
cipitate, and  weigh  it.    The  weight  of  the  precipitate  enables  us  to 
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they  term  the  grain.  When  the  water  is  fufficicntly 
evaporated,  they  put  it  into  large  veflels,  which  are  fet 
in  afcool  place,  where  the  nitre  cryftallizes.  This 
nitre  is  very  impure,  and  very  dirty  ;  it  is  called  nitre 
of  the  firft  boiling.  Some  chemifts  have  thought  that 
the  afhes  employed  by  the  faltpetre-makers  ferve  only 
to  purify  the  nitre ;  and  their  opinion  appears  to  have 
been  founded  upon  this,  that  thefe  matters  contain  al- 
moft  no  fixed  alkali  ;  and  in  particular,  that  the  falt- 
petre-makers  of  Languedoc  ufe  afhes  of  tamarifk  only, 
which  contain  nothing  but  Glauber's  fait.  But  this  fait, 
as  well  as  vitriolated  tartar,  is  quite  fit,  by  the  help  of 
affinity,  for  decompofing  the  calcareous  nitre,  which 
is  found  in  great  quantity  in  the  rubbifh  ;  as  M.  La- 
voifier  has  obferved  with  regard  to  the  lixivia!  afhes 
ufed  by  the  faltpetre- makers  at  Paris.  We  mall  touch 
on  that  facl:  at  greater  length  in  the  article  of  Calcare- 
ous Nitre. 

Nitre  of  the  firft  boiling  is,  as  we  have  already  faid, 
often  very  impure.  It  contains,  befide  nitre,  five  other 
kinds  of  falts,  viz.  the  marine,  nitre  with  bafe  of  mag- 
nefia,  calcareous  nitre,  marine  fait  with  bafe  of  magne- 
fia,  and  the  marine  fait  with  bafe  of  calcareous  earth  ; 
all  which  they  endeavour  to  feparate,  in  order  to  obtain 
the  nitre  in  a  pure  ftate.  They  fet  about  the  purifica- 
tion by  diffolving  it  in  as  little  water  as  poffible,  and  by 
clarifying  this  boiling  liquor  with  ox-blood;  the  coagu- 
lum  of  which,  formed  by  the  heat,  entangles  all  the  im- 
purities, as  they  rife  from  the  bottom  of  the  liquor  to 
the  furface.  This  is  next  fet  to  evaporate ;  and  thereby 
they  obtain  a  nitre,  which  is  a  much  purer  fait,  and  is 

called 

appretiate  the  original  quantity  of  marine  acid  which  the  mother- 
water  contained.  By  knowing  this,  we  learn  the  quantity  of  alka- 
line fait  confumed  by  the  marine  acid  ;  and  in  all  our  fubfequent 
additions,  we  fubtradt  this  quantity  of  alkaline  fait,  leaving  no  more 
than  what  is  barely  fufficient  to  faturate  the  nitrous  acid.  In  thi$ 
way  the  nitre  is  formed,  free  from  the  admixture  of  any  febrifuge 
fait  of  Silvius.  The  procefs  feems  fuflSdently  accurate  for  bufinef^ 
and  is  not  difficult  to  execute. 
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called  nitre  of  the  fecond  boiling.  Still  it  is  mixed  with 
a  certain  quantity  of  mother-water ;  on  that  account 
they  purify  it  a  third  time  by  the  fame  procefs,  whereby 
it  becomes  a  much  purer  and  a  much  whiter  fait.  This 
is  called  nitre  of  the  third  boiling. 

When  it  is  made  to  cryftallize  very  fpeedily,  it  forms 
into  thick  very  irregular  maffes  :  however,  in  the 
middle  of  the  veffel  there  are  fome  regular  cryftals, 
called  nitre  in  flicks.  This  laft  is  rejected  in  the  arfe- 
nals,  becaufe  it  is  lefs  fit  for  making  gun-powder  than 
the  nitre  in  thick  irregular  maffes,  in  confequence  of  the 
water  which  it  retains  in  cryftallization,  and  which 
would  impede  the  kindling  of  the  powder. 

The  chemifts  and  apothecaries  purify  the  nitre  of 
the  third  boiling  again,  by  frefh  folutions  and  cryftalli- 
zations.  In  this  way  they  are  fure  of  procuring  nitre 
very  pure,  containing  no  heterogeneous  fubftance. 

Nicre  undergoes  fome  alterations  by  means  of  vitre- 
fiable  earths.  We  can  draw  off  the  acid  by  diftillation 
with  fand.  This  acid  paffes  off  without  colour,  and 
difcovers  fome  vapours.  The  refiduum  is  more  or  lefs 
vitreous  according  to  the  quantity  of  fand,  and  accord- 
ing to  the  degree  of  heat  employed.  The  fand  feems 
to  decompofe  the  nitre  by  the  tendency  which  it  has  to 
combine  with  the  fixed  alkali :  for  if  we  diftil  the  nitre 
without  intermixture,  we  do  not  get  the  acid  of  nitre ; 
we  have  nothing  but  pure  air.  I  fuppofe  that  this,  in 
the  diltillation  without  intermixture,  happens  in  confe- 
quence of  the  reaction  of  the  alkali  upon  the  acid  which 
is  decompofed,  and  takes  from  it  one  of  its  principles, 
which  gives  it  the  power  of  effervefcing.  As  foon  as 
we  heat  the  nitre  mixed  with  fand,  the  latter,  driving 
to  unite  with  the  alkali  in  order  to  form  a  glafs,  pre- 
vents the  alkali  from  adling  on  the  acid,  which  then, 
paffes  off  unaltered. 

The  argillaceous  earths  alfo  decompofe  it :  but  it  is 
as  yet  uncertain  if  this  is  the  property  of  pure  clays ; 
for  experiments  have  not  been  made  with  earths  of  this 
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m°rC  °r  Iefs  col°ured  have  always  been 
uied.  M.  Beaume  fuppofcs  that  the  decompofition  is 
owing  to  the  vitriolic  acid  contained  in  the  clay. 

I  he  diftillers  of  aquafortis  employ  a  fimilar  earth  • 
1  hey  mix  two  pounds  of  nitre  of  the  fecond  boiling 
with  fix  pounds  of  coloured  clay  of  Gcntilly  in  earthen 
retorts  of  a  particular  fhape,  which  they  call  des  Cuines  ; 
ieveral  of  which  are  placed  one  at  the  end  of  another 
their  neck  being  received  into  a  bottle  of  the  fame  form' 
which  ferves  for  a  receiver.  By  this  means  they  draw 
ott  a  tranfparent  liquor,  a  little  acid,  called  the  phlevm 
of  aquafortis;  afterwards  the  acid,  more  and  more  con- 
centrated. The  refiduum  is  an  earthy  fubftance,  red 
and  very  hard,  which  ferves  to  make  a  kind  of  mortar! 

This  experiment  is  the  fartheft  from  a  proof  that 
clay  can  decompofe  nitre,    i.  The  diftillers  only  em- 
ploy  an  impure  nitre,  which  contains  a  great  quantity 
of  nitre  with  earthy  bafe  :  2.  They  employ  a  very  com- 
pounded  clay,  which  often  contains  a  great  deal  of 
pyrites,  the  vitriolic  acid  of  which  is  able  to  decompofe 
the  nitre.    In  order  to  afcertain  this  decompofition,  we 
mould  ufe  a  white  clay,  or,  what  is  ft  ill  better,  earth  of 
alum.    This  earth  not  having  fo  much  tendency  to 
unite  with  the  alkali  as  the  fand,  nor  forming  a  glafs 
with  it,  does  not  appear  to  poffefs  equal  powers  of  de- 
compofing  nitre  as  fand  does.  Neverthelefs,  M.  Beaume 
fays  he  decompofed  it  with  porcelain  and  clay,  formed 
into  a  hard  brown  ftone,  which  did  notfeem  to  contain 
the  vitriolic  acid.    Terra  ponderofa  decompofes  nitre, 
and  feparates  the  alkali  from  the  nitrous  acid,  according' 
to  M.  Bergman.    He  afferts,  that  it  has  a  greater  affi- 
nity with  the  nitrous  acid  than  the  fixed  alkali  has. 

•  Magnefia,  lime,  and  the  alkalis,  fliow  no  action  on 
nitre.  The  acids  have  a  very  remarkable  action  upon 
it,  efpecially  the  vitriolic,  which  has  a  greater  affinity 
to  the  alkalis  than  the  nitrous  has.  If  oil  of  vitriol  is 
poured  on  nitre  well  dried,  a  confiderable  effervefcence 
cnfues,  and  we  fee  red  vapours  difcngagcd,  which  are 
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jult  the  fpirit  of  nitre.  In  performing  the  procefs  in  a 
retort,  to  which  a  receiver  is  fitted,  the  nitrous  acid  is 
collected  in  the  globe.  This  procefs  is  known  in  labo- 
ratories by  the  name  of  the  diftillation  of  the  nitrous 
acid  after  Glauber's  method.  We  are  obliged  to  leave 
a  fmall  hole  open  in  the  globe,  to  give  vent  to  the  va- 
pours of  the  nitrous  acid. 

It  was  remarked,  that  thefe  vapours  were  very  dif- 
ficult to  be  condcnfed;  and  that  they  might  occafion 
two  accidents.    The  firft  was  the  lofs  of  a  very  con- 
siderable quantity  of  the  ftrongeft  fpirit  of  nitre,  which 
is  diffipated  through  the  fmall  hole  of  the  globe  :  the 
fecond  was  the  danger  to  which  the  operator  is  expofed 
from  thefe  vapours,  which  are  very  ftrong  and  corrofive. 
But  Mr  Woulfe,  a  famous  Englifh  chemift,  has  found 
means  to  remedy  both  thefe  inconveniences.    In  place 
of  employing  a  globe,  pierced  with  a  fmall  hole,  he 
ufes  a  globe  with  two  points.    In  the  end  of  this  veffel 
he  places  a  tube  oppofite  to  the  retort;  one  end  of 
which  makes  a  right  angle  with  the  other,  which  is 
plunged  into  a  bottle  :  this  bottle  has  two  openings  in 
its  fides ;  and  every  one  of  thefe  openings  receives 
a  fyphon,  which  paffes  into  another  bottle,  placed  at 
every  fide  of  the  firft.     The   two  fide-bottles  arc 
joined  with  two  fimilar  veffels,  whofe  lateral  openings 
remain  unfhut.    All  the  bottles  contain  fuch  a  quan 
tity  of  water,  as  that  the  inferior  extremity  of  the 
tube,  which  communicates  with  the  firft  bottle,  is  im- 
merfed  in  the  water,  and  that  there  remains  above  the 
water  a  void,  in  which  the  fuperabundant  nitrous  acid 
gas  is  received,  and  from  whence  it  is  carried  into 
the  water  of  the  adjoining  bottles  by  the  fuperior  ex- 
tremity of  another  tube,  which  opens  into  this  void. 
ay  this  means  nothing  is  loft,  and  the  operator  under 
no  inconvenience.    The  nitrous  acid  paffes  in  vapour 
into  the  globe  ;  and  from  thence  goes  into  the  firft 

nn  b  TrCrS  1  "I  abf0rbed  in  the  water'  What  can- 
not be  abforbed  there  paffes  into  the  collateral  bottles, 
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and  unites  with  the  water  which  they  contain.  Some 
pure  dephlogifticated  air  is  difengaged  froth  the  laft 
bottles. 

This  apparatus  is  very  commodious;  but  ftill  it  has 
an  inconvenience  fufficiently  great.  At  the  end  of  the 
operation,  when  the  retort  is  left  to  cool,  a  vacuum  is 
formed  in  the  veffels,  and  the  external  air,  prefling  on 
the  water  in  the  laft  open  bottles,  forces  it  to  mount 
through  the  fyphons  into  the  firft  bottle,  and  from  thefe 
into  the  middle  one  and  into  the  globe.  .  In  this  man- 
ner the  product  is  fpoiled,  and  the  nitrous  acid  wea- 
kened by  the  water.  To  remedy  this  inconvenience, 
M.  Bucquet  has  been  in  the  cuftom  of  putting  no  water 
into  the  firft  bottle,  and  to  have  it  large  enough,  in  cafe 
of  abforption,  to  contain  all  the  water  of  the  four  lateral 
bottles  without  being  filled  ;  fo  that  the  fluid  not  finding 
the  tube  in  the  bottom  of  this  bottle,  never  pafles  into 
the  globe.  Thus  he  was  fure  of  obtaining  his  acid 
very  ftrong. 

In  order  to  perform  this  procefs,  we  put  four  pounds 
of  nitre  into  a  tubulated  earthen  retort,  and  pouring  at 
once  two  p'ounds  and  a  half  of  oil  of  vitriol  upon  it,  we 
fhut  the  retort.  The  heat  is  raifed  by  degrees  until  no 
more  come  over.  The  procefs  may  be  regulated  after 
the  difengagement  and  paffage  of  the  gas  into  the  bottles: 
If  it  diftil  too  rapidly,  the  fire  is  too  violent,  and  muft 
be  diminiflied  ;  if  it  be  not  ftrong  enough,  the  fire  muft 
be  increafed.  This  apparatus  has  yet  the  advantage  of 
informing  the  artift  about  the  progrefs  of  the  procefs. 

The  refiduum  of  this  decompofitiqn  is  vitriolated 
tartar,  formed  by  the  union  of  the  vitriolic  acid  with 
the  fixed  vegetable  alkali  of  the  nitre.  It  is  known  in 
pharmacy  by  the  name  of  Sal  de  duobus,  or  Arcanum  du- 
■plicaium. 

The  nitrous  acid  obtained  by  this  procefs,  is  very 
red  and  very  fmoking.  This  method  of  preparing 
nitrous  acid  has  beenpra&ifed  fince  the  time  of  Glauber, 
from  whom  it  is  generally  called  in  laboratories  by  the 
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name  of  Glauber's  fmoking  fp'uit  of  nitre.  The  procefs 
was  far  from  acquiring  in  his  hands  that  certainty  and 
perfection  at  which  it  arrived  under  M.  Woulfe  and 
Bucquet,  whofe  ingenious  apparatus,  over  and  above, 
has  the  great  advantage  of  being  applicable  to  feveral 
Other  important  procefles.  Sedative  fait  decompofes 
nitre  by  heat,  and  expels  from  it  a  ftrong  enough  ni- 
trous acid.  The  fixednefs  of  the  fedative  fait  feems  to 
be  the  caufe  of  this  decompofition,  as  the  academicians 
of  Dijon  think ;  neverthelefs  it  mull  be  attributed  in 
part  to  the  affinity  that  fubfifts  between  the  fedative  fait 
and  the  fixed  vegetable  alkali,  the  bafis  of  the  nitre. 

Nitre  is  of  very  extenfive  ufe  in  the  arts.  The  glafs- 
makers  employ  it.  It  is  the  principal  and  moft  ufeful 
of  the  ingredients  in  gun-powder,  of  which  we  fpoke  in 
the  article  Sulphur.  Burnt  with  different  proportions  of 
tartar,  it  forms  fufing  matters,  called  fluxes  ;  which  are 
employed  in  the  art  of  effaying,  in  order  to  fufe  and  re- 
duce metallic  fubftances. 

It  is  often  ufed  in  medicine,  as  a  fedative,  cooling, 
antifeptic,  antiphlogiftic  remedy.  It  is  prefcribed  in  a 
draught,  from  the  quantity  of  fix  or  ten  grains  to  that 
of  a  gros  or  more.  Phyficians  obferve  excellent  effects 
from  it  every  day.  It  is  one  of  the  three  remedies 
which  compofe  the  famous  pulvis  temperans  of  Stahl. 

LECTURE  XVIII. 
Species  4.  Rhomboidal  Nitre. 

WE  call  the  perfeft  neutral  fait  cubic  or  rhomboidal 
nitre,  refulting  from  the  combination  of  the  ni- 
trous  acid  with  the  mineral  alkali. 

Generally  this  fait  is  in  very  thick  and  very  regular 
rhomboidal  cryftals  :  it  deferves  the  name  of  rhomboidal 
rather  than  that  of  cubic  nitre. 

Its  tafte  is  cooling  and  bitter  like  that  of  nitre. 
The  fire  decompofes  it  as  it  does  ordinary  nitre. 
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It  is  a  little  more  alterable  by  the  air  than  the  latter 
is,  and  attra&s  a  little  humidity  from  it. 

It  diffolves  very  well  in  cold  water,  and  much  more 
copioufly  than  Ordinary  nitre.  Two  parts  of  cold  water 
diffolve  one  of  it.  Boiling  water  does  not  diffolve 
more.  In  like  manner,  to  have  it  cryflallize  regularly, 
the  evaporation  muft  be  flow. 

With  regard  to  its  other  properties,  it  has  all  the 
other  characters  of  nitre.  It  detonates  in  the  fire  when 
expofed  to  it  along  with  other  combuftible  fubftances ; 
the  combuftion  of  which  is  accelerated  by  means  of 
the  dephlogifticated  air  which  the  nitre  furnifhes, 
which  becomes  alkalized.  It  may  be  decompofed  by 
the  terra  ponderofa  and  vitriolic  acid.  It  even  appears 
to  differ  from  nitre  in  nothing  but  in  its  rhomboidal 
form,  its  flight  deliquefcence,  its  greater  folubility,  its 
property  of  cryftallizing  by  evaporation  ;  and  particu- 
larly in  its  decompofition  by  the  cauftic  vegetable  alkali, 
whofe  affinity  with  the  nitrous  acid  is  greater  than  that 
of  the  mineral. 

Rhomboidal  nitre  is  never  found  in  nature ;  it  is 
always  a  production  of  art,  by  which  it  is  formed  in  five 
different  ways,  i .  By  dire&ly  uniting  the  nitrous  acid 
with  the  cauflic  mineral  alkali.  2.  By  decompofing, 
by  means  of  the  fame  alkali,  the  nitrous  falts  with  earthy 
bafes,  the  ammoniacal  nitre,  and  the  nitres  with  metallic 
bafes.  3.  By  decompofing  marine  fait  by  the  interven- 
tion of  nitrous  acid.  4.  By  decompofing  Glauber's  fait 
by  fmoking  fpirit  of  nitre.  5.  And  laftly,  by  decom- 
pofing the  metallic  folutions  in  nitrous  acid,  which  are 
fufceptible  of  decompofition  by  the  marine  fait.  In  this 
Jafr.  cafe,  according  as  the  marine  acid  unites  with  the 
metal  which  it  feparates  from  the  nitrous  acid,  the 
nitrous  acid  combines  with  the  marine  alkali,  which 
quits  the  firft  acid.  All  thefe  decompofitions  will  be 
particularly  defcribed  in  the  article  relating  to  each  of 
the  falts  which  are  fufceptible  of  them. 
Quadrangular  or  rhomboidal  nitre  may  be  employed 
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for  the  fame  purpofes  as  ordinary  nitre;  but  as  it  does 
not  produce  all  the  effects  of  it,  on  account  of  its  greater 
affinity  with  water,  undoubtedly  it  is  not  ufed  in  the 
arts ;  befides,  as  nature  never  produces  it,  but  it  is 
always  the  production  of  art,  it  has  not  been  brought 
into  particular  ufe.  We  have  not  even  made  all  the 
inquiries  into  it  which  are  neceffary  for  the  complete 
knowledge  of  its  properties. 

Species  5.  Febrifugal  Salt  of  Sylvius. 

The  febrifugal  fait  of  Sylvius  is  formed  by  the  union 
of  the  marine  acid  with  the  vegetable  fixed  alkali.  It 
has  been  improperly  named  regenerated  fea-falt,  fince  it 
differs  from  it  in  the  nature  of  its  bafe.  Its  cryftals  arc 
very  regular  cubes,  which  touch  one  another  obliquely, 
and  by  their  angles  only.  They  have  a  confufed  ap- 
pearance, and  a  form  feemingly  irregular.  Its  tafte  is 
fait,  pungent,  bitter,  and  difagreeable:  When  put  into 
the  fire,  it  decrepitates ;  that  is  to  fay,  its  cryftals  burft 
and  fplit  into  little  pieces;  which  is  owing  to  the  fud- 
den  rarefaftion  of  the  water  that  enters  into  their  de- 
compofition.  If  it  be  left  in  the  fire  after  it  is  decrepi- 
tated, and  if  the  fire  be  very  ftrong,  it  fufes,  and  is 
volatilized,  but  without  being  decompoled. 

It  may  be  made  ufe  of  as  a  flux  to  the  earths  and  me- 
tallic  fubftances. 

In  that  cafe,  its  principal  utility  is  its  covering  the 
materials  It  fixes  the  action  of  the  other  fluxes,  and 
prevents  them  from  being  volatilized,  and  alfo  the  al- 
terations which  the  accefs  of  the  air  might  occafion. 

I  he  airoccafions  but  little  alteration  on  febrifugal 
fait;  which  only  attracts  a  very  flight  degree  of  humi- 
dity from  it.  It  requires  about  three  parts  of  cold 
water  for  its  folution;  hoc  water  does  not  diffolve  more 
of  it :  for  which  reafon  it  is  neceffary  to  have  recourfe 
feed.      eVap°ratlon'  that  k  ma7  be  obtained  cryftal- 

Clay  feems  to  decompofe  it  in  part.  According  to 

M.  Ber- 
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M.  Bergman,  the  terra  ponderofa  attract  its  acid,  and 
feparates  the  fixed  alkali  from  it.  The  vitriolic  and 
nitrous  acids  difengage  the  marine  from  it  with  effer- 
vefcence  (d).  This  phenomenon  is  more  remarkable 
according  to  the  drynefs  of  the  fctrifugal  fait.  Decre- 
pitated febrifugal  fait  occafions  a  very  confiderable  efrer- 
vefcence,  and  the  mixture  becomes  very  hot.  If  thefe 
decompofitions  be  made  in  retorts,  and  the  vitriolic  acid 
made  ufe  of,  we  obtain  fpirit  of  fait  in  the  recipient, 
and  the  retort  will  contain  vitriolated  tartar  :  On  the 
contrary,  if  we  employ  nitrous  acid,  the  recipient  will 
contain  fome  aqua  regia,  and  the  retort  fome  nitre.  The 
acid  of  borax,  or  fedative  fait,  decompofes  febrifugal  fait 
by  means  of  diftillation. 

This  fait  is  frequently  found  in  nature,  but  in  very 
fmall  quantities.  It  is  found  in  fea-water,  and  fome- 
times  in  fountains :  it  exifts,  though  very  rarely,  in  places 
where  nitre  is  contained ;  it  is  even  found  in  the  allies 
of  vegetables,  and  in  feveral  animal  humours.  Art  alfo 
may  produce  it;  r.  By  dire&ly  combining  the  marine 
acid  with  the  vegetable  alkali :  2.  By  decompofing  the 
marine  falts  with  earthy  bafes,  or  the  ammonical  metallic 
falts  by  means  of  the  fame  alkali:  3.  By  decompofing 
vitriolated  tartar  or  nitre  by  means  of  the  marine  acid, 
as  has  been  mown  by  M.  Cornette. 

At  times  this  fait  is  employed  as  an  excellent  febri- 
fuge j 

{d)  We  have  already  obferved,  in  fpeakingof  the  decompofition 
of  nitre  by  oil  of  vitriol,  that  the  nitrous  acid  was  driven  off  with 
a  brifk  effervefcence.  Here  we  find  the  fame  phenomenon  in  the 
marine  acid  :  it  is  alio  much  more  remarkable  in  the  febrifugal  fait  ; 
becaufe  its  acid  has  a  great  tendency  to  put  itfelf  into  the  ftatc  of  a 
gas.  This  is  the  general  caufe  of  effervefcence ;  the  nature  and 
differences  of  which  have  been  but  very  lately  known.  It  was 
formerly  believed  that  they  were  always  owing  to  the  difengage- 
ment  of  air:  at  prefent  it  is  proved,  that  it  is  not  air ;  but  that  all  the 
bodies  which  can  be  put  into  the  aeriform  aggregation,  produce  it. 
As  this  truth  requires  a  repetition,  that  it  may  be  well  known  and 
underftood  through  all  the  world,  we  will  frequently  make  remarks 
on  this  fubjeft,  in  treating  of  the  different  neutral  faltt  which  are 
fufceptiblc  of  decompofition  by  the  acids-. 
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fuge;  but  it  poffefles  this  quality,  which  Sylvius  has  at- 
tributed to  it,  only  in  confequence  of  its  bitternefs.  At 
prefent,  vitriolated  tartar  and  Glauber's  falts  are  prefer- 
ed  to  it. 

The  febrifugal  fait  is  not  in  ufe  in  the  arrs.  Its  dif- 
agreeable  tafte  prevents  it  from  being  ufed  as  a  feafon- 
ing  like  the  marine  fait :  otherwife  it  has  all  the  chemi- 
cal properties  of  the  marine  ;  from  which  it  differs  in  its 
bitter  tafte,  its  inferior  folubility,  its  unchangeablenefs 
by  the  contact  of  the  air,  and  its  lefs  regular  cryftalli- 
zation.  On  account  of  thefe  differences,  we  mall  infift 
on  its  hiftory  no  farther. 

Species  6.  Marine  Salt. 

Marine  fait  is  perfeftly  neutral,  formed  by  the  com- 
bination  of  the  marine  acid  with  the  mineral  alkali. 

Jhis  fait  is  found  in  confiderable  quantity  in  nature; 
it  is  the  raoft  abundant  of  all  the  falts.  It  is  found  in 
immenfe  maffes  in  the  heart  of  the  earth,  in  Calabria, 
Hungary,  Mufcovy,  and  particularly  in  Wieliczka,  in 
Poland,  in  the  neighbourhood  of  the  mountain  Cra- 
packs. 

The  mines  of  this  laft  place  are  of  great  extent;  and 

Sreumanne  falt  1S  found  there  in  confiderable  quantity. 
When  contained  in  the  earth,  it  is  generally  of  an  ir- 
regular form,  and  feldom  cryftallized:  it  is  more  or 
lefs  white  :  fome  of  it  is  found  coloured.  In  this  ftate  it 
is  called/a/  gem  ;  becaufe  it  generally  poffeffes  the  tranf- 
parency  of  the  cryftals  called  by  that  name.  The  fea- 
water  is  hkewife  loaded  with  it,  as  well  as  fome  lakes 
and  fountains.  From  thefe  folutions  it  is  extracted  by 
tour  general  proceffes.  1 

tyJl^^cV^r  fP°ntane°us  evaporation  by  means  of 

of  thear  °  fUn'  Th',S  meth°S  is  ^d  in  fome 
Pecais  ,T  P7vmces'  in  Languedoc,  at  Peyrac, 

of  dt  he"!.      F^T*    At  thG  fldc  0f  the  fea  a  kind 
J-l  1 1  k  dug?  the  b0tt0ms  of  whi<*  are  done  over 
well  beat  clay;  within  them  they  are  at  pains  to 

conftru£t 
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conflruft  little  walls,  which  include  fcveral  apartments, 
and  communicate  with  one  another.  When  the  tide 
Hows,  a  quantity  of  fea-water  is  left  in  thofe  ditches,  and 
is  retained  there  by  the  partition-walls :  a  very  fmati 
depth  of  water  only  is  allowed  to  be  formed,  that  the 
heat  of  the  fun  may  eafily  evaporate  it.  When  a  faline 
pellicle  is  formed,  they  break  it,  and  it  falls  to  the  bot- 
tom ;  and  they  repeat  the  breaking  of  it  until  there  be 
no  more  water ;  then  they  collecl:  the  fait  into  heaps 
with  rakes,  that  it  may  dry.  This  fait  is  mixed  with  all 
thofe  which  aredhTolved  in  fea-water;  fuchas  Glauber's 
fait,  Epfom  fait,  and  marine  fait  with  earthy  bafc.  It 
is  alfo  rendered  impure  by  a  portion  of  the  clay,  the 
foundation  of  the  faline  ditches.  This  is  the  fait  of  the 
Gabelle.  In  the  northern  provinces  of  France,  in  Nor- 
mandy and  Bretagne,  they  ufe  the  artificial  evaporation 
by  means  of  fire.  In  Avranchin,  they  take  the  moving 
fands,  upon  which  the  fea  depofits  its  cryftals  :  they 
wafli  them  with  the  lead  poffible  quantity  of  fea-water, 
juft  as  much  as  is  requifite  for  the  folution  of  the  fait. 
This  impregnated  folution  is  put  into  kettles  of  lead, 
in  which  it  is  evaporated  to  drynefs.  This  fait  is  very 
white,  and  purer  than  that  of  the  faline  marfhes.  M. 
Guettard  has  accurately  defcribed  this  procedure  in, the 
Memoirs  of  the  Academy  anno  1758. 

Many  faline  fountains  are  found  in  Lorrain  and 
Franche  Compte.  The  water  of  thefe  fountains  is 
charged  with  different  quantities  of  marine  fait.  At 
Montmoret,  in  the  lafl  of  thefe  provinces,  in  order  to 
obtain  this  fait,  they  join  the  fpontaneous  evaporation 
to  the  afliftance  of  the  fire. 

For  that  purpofe,  the  water  of  the  faline  fountains  is 
conveyed  by  pumps  into  a  large  bafon.  This  bafon 
is  placed  at  the  head  of  an  apartment  made  for  the 
purpofe.  Planks,  on  which  little  faggots  of  thorns 
are  placed,  are  fufpended  under  the  apartment  through 
the  floors  :  The  water  falls  upon  thefe  faggots  through 
cocks  j  it  is  divided  into  fine  rain  j  and  by  prefent- 
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ing  a  large  furface,  it  is   evaporated  almoft  two- 
thirds  ;  it  leaves  the  felenite  upon  the  faggots ;  and 
when  it  abounds  with  fo  much  as  will  add  13  or  14 
degrees  to  the  weight  of  the  liquor,  it  is  carried  into 
large  vefTels  of  iron,  fupported  by  hooks  of  the  fame 
metal.    Thefe  veffels,  called  -pans,  are  very  large,  but 
not  deep  :  They  contain  1 00  hogfheads  of  falt-water  : 
they  are  heated  quickly  ;  and  when  the  water  comes 
to  boil  violently,  it  is  at  firft  troubled,  and  on  its  fur- 
face  it  depofits  an  ochry  earth  in  form  of  fcum.  A 
fait  of  little  folubility,  which  is  only  fome  felenite,  and 
called  by  the  workmen pan-f cratch,  is  then  feparatedfrom 
it.    It  is  mixed  with  a  little  marine  fait,  fome  Glauber's 
fait,  and  marine  fait  with  earthy  bafe.    It  is  received 
into  fmall  iron  troughs  placed  at  the  fides  of  the  pans, 
into  which  it  is  carried  by  the  ftreams  of  the  boiling 
liquor.    They  are  carried  away  from  time  to  time  and 
replaced,  until  a  great  quantity  of  fmall  cubic  cryftals, 
which  the  workmen  call  flies  feet,  is  formed  at  the  bot- 
tom of  the  liquor.    Thefe  troughs  are  then  carried 
away  for  the  laft  time ;  the  fire  is  diminifhed,  and  the 
marine  fait  Hummed  off  as  foon  as  it  is  cryftallized  in 
rofficient  quantity.    They  continue  thus  to  fkim  it  off, 
md  to  evaporate  the  water,  till  it  refufes  to  give  any 
more.    The  fait  which  is  obtained,  is  in  more  or  lefs 
:onfufed  cryftals,  according  to  the  rapidity  or  flownefs 
)f  the  evaporation ;  the  remaining  water  is  called  bit- 
lern  :  it  contains  marine  falts  with  earthy  bafes. 

Wallerius  relates  a  fourth  procefs  for  extracting  the 
narine  fait  from  fea-water,  employed  in  the  countries 
)f  the  north.  The  fea-water  is  expofed  in  ditches  dug 
it  the  fea-fide.  As  it  is  but  very  mallow,  the  cold  pene- 
rates  it,  and  it  congeals :  But  as  the  fuperabundant 
jortion  of  the  water  is  only  fufceptible  of  congelation 
hat  which  remains  fluid  retains  all  the  fait  that  was' 
etained  in  the  firft  quantity  ;  and  it  is  fo  concentrated, 
hat  the  marine  fait  is  ready  to  cryftallize  with  the  leafl 
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degree  of  heat  (<?).  It  is  conveyed  into  leaden  veffels 
to  evaporate 

The  cryftals  of  marine  fait  are  very  regular  cubes ; 
but  if  the  evaporation  lias  been  too  flow,  they  are  more 

con- 

(a)  A  neutral  fait  is  prepared  at  Montmorat,  under  the  name  of 
Epfomfalt  of  Lorraine  ;  but  it  is  only  Glauber's  fait,  the  cryftaliza- 
tion  ot  which  has  been  interrupted.  It  is  diftinguifhed  from  true 
Epfom  fait  by  its  efflorefcence  when  expoltd  to  the  air,  while  the 
latter  attracts  its  humidity. 

(l)  A  large  proportion  of  the  common  fait  confumed  in  Britain 
is  prepared  from  fea-water  by  evaporation.  The  heat  of  the  fum- 
mer  is  too  fmall,  and  its  duration  too  (hort,  to  be  of  much  ufe  in 
forwarding  the  procefs  ;  more  efpecially  as  the  refuje  of  the  coal, 
tailed  paniuood,  which  anfwers  the  purpofe  excellently  well  while 
it  is  good  for  little  elfe,  is  fold  at  a  low  price.  However,  the  fun 
is  employed  to  concentrate  the  fea-water  in  the  falt-pans  at  Le- 
mington  with  confiderable  advantage;  fo  that  although  the  brine 
be  afterwards  boiled  down  with  Newcaftle-coal,  the  fait  can  be 
afforded  at  a  cheaper  rate  than  what  is  made  at  the  mouth  of  the 
coal-pit.  DrBrowurigg  propofes  to  extend  this  practice  to  differ- 
ent parts  of  Britain  ;  and  in  recommendation  of  it,  he  endeavours  to 
prove,  that  30  inches  of  water  exhale,  during  the  four  months,  May, 
June,  July,  and  Auguft,  while  only  10  inches  of  rain  fall.  The 
experiment  was  actually  tried  near  St  Andrews,  in  Scotland,  by 
the  ingenious  Dr  Martin,  without  the  fmalleft  appearance  of  fuc- ] 
cefs  ;  fo  that  Dr  Brownrigg  feems  to  entertain  hopes  more  fanguine 
than  the  trials  will  juftify. 

The  llrength  of  fea-water  varies  in  different  climates,  from  the; 
greater  or  lefs  degree  of  heat  affecting  the  evaporation  of  the 
aqueous  parts.    A  pound  of  fea-water  in  the  Baltic  fcarcely  yields  . 
t  wo  drams  of  fait ;  in  the  Britifh  Channel,  it  yields  one  ounce  ;  and 
ttill  farther  fouth,  in  the  Mediterranean,  it  yields  two  ounces.  The 
pureft  fait  is  prepared  by  a  flow  evaporation  :  On  this  account  the 
fait  made  by  the  heat  of  the  fun  is  the  pureft.    All  other  kind* 
of  fait  prepared  from  fea-water,  efpecially  by  flrong  boiling,  ace 
contaminated  with  heterogeneous  matters.    Thofe  matters  are  fome 
calcareous  earth  united  with  marine  acid,  forming  calx  falita;  fome 
magnefia,  united  with  the  fame  acid,  forming  magnefia  falita  ;  and 
fome  magnefia  united  with  the  vitriolic  acid,  forming  Epfom  fait. 
Every  one  of  thofe  falts  impairs  the  qualities  of  the  marine  fait, 
both  by  making  it  deliquefcent,  and  rendering  it  lefs  ufeful  in  the 
prefer.vation  of  meat.  From  thefe  confiderations,  it  becomes  an  ob-J 
of  great  importance  in  commerce,  to  free  the  marine  fait  from;, 
ihefe  admixtures :  and  there  is  one  property  of  the  marine  fait  which 

cn- 
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c.onfufed  :  They  adhere  together  with  their  fides,  as  if 
they  formed  kinds  of  flair-cafes,  or  hollowed  mill- 
hoppers. 

Its  taflie  is  faline  and  agreeable.  , 

When  it  is  expofed  to  a  brifk  fire,  it  fparkles  and 
jumps,  making  a  crackling  noife.  This  phenomenon 
"is  called  decrepitation;  and  is  owing,  as  we  have  already 
obferved  when  treating  of  vitriolated  tartar  and  febri- 
fugal fair,  to  the  water  which  compofes  the  cryftals :  it 
is  fuddenly  rarefied,  and  burfls  all  the  little  laminae  of 
which  they  are  compoled.  When  all  the  water  is  thus 
evaporated,  the  decrepitation  ceafes,  and  the  fait  is  re- 
duced to  powder.  If  afterwards  it  be  ftrongly  heated, 
it  fufes  when  it  turns  red  :  if  we  pour  it  upon  a  metal 
plate,  it  fixes  into  a  kind  of  mineral  cryftal,  but  is  al- 
tered in  no  other  way  ;  for  it  may  be  reduced  to  its 
former  ftate  by  folution  in  water  :  Fire  then  does  not 
decompofe  it.  By  keeping  it  in  fufion  for  fome  time, 
it  is  at  lad  volatilized  without  alteration  5  but  this  re- 
quires a  fire  of  extreme  violence. 

Marine  fait,  when  very  pure,  fuffers  no  fenfible  alte- 
ration from  the  air  :  It  dries  rather  than  grows  moift, 
iand  attracts  humidity  only  when  it  is  mixed  with  fome 
calcareous  marine  fait. 

It  is  very  foluble  in  water,  requiring  only  three  parts 

P  2  to 

ienables  us  to  make  it  very  pure.  Marine  fait  difiblves  in  as  great 
quantity  in  cold  as  in  hot  water;  and  upon  this  principle  the  pu- 
rification is  conducted.  Some  fait  is  put  into  an  inverted  conical 
vefTel,  perforated  with  holes  in  the  bottom,  to  favour  the  pafTage  of 
a  fluid.  Part  of  the  fait  is  taken  out,  and  made  into  a  faturatcd  fo- 
lution in  boiling  water.  This  folution  is  then  poured  upon  the  top 
of  the  fait ;  and  as  it  runs  down  to  the  bottom,  it  difiblves  the  falts 
with  earthy  bafes ;  but  takes  up  no  more  of  the  marine  fait.  By 
repeating  this  operation  once  or  twice,  all  the  heterogeneous  mat- 
ters are  entirely  carried  off,  with  little  lofa  of  marine  fait,  which  is 
thus  made  perfectly  pure.  The  fait  obtained  after  this  procefs  is 
purer  than  the  pit  or  bay- fait  ;  and  although  the  propofed  method 
of  purification  has  not  as  yet  been  inroduced  into  general  practice, 
it  will  probably  be  foon  employed  all  over  the  ifland,  as  it  will 
certainly  prove  a  very  great  improvement  in  the  manufacture. 
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to  diflolve  it.  Three  ounces  of  water  very  completely 
difTolve  one  of  marine  fait ;  nor  is  it  more  folublc  in 
boiling  than  in  cold  water :  It  is  obtained  in  cryftals  by 
a  very  flow  evaporation.  It  forms  on  the  furface  of  the 
liquor  flies  feet,  which  join  and  produce  a  pellicle  more 
or  lefs  thick.  Sometimes,  inftead  of  cubes,  we  obferve 
kinds  of  fquare  and  hollowed  pyramids,  refembling 
mill-hoppers.  M.  Rouelle,  who  has  obferved  with  great 
care  all  the  phenomena  of  this  cryftallization,  takes  no- 
tice, that  thofe  mill-hoppers  are  formed  in  the  following 
manner:  When  a  cube  is  formed,  this  little  folid  being 
fpecifically  heavier  than  the  water,  it  hollows  it  a  little  ; 
a  fecond  is  afterwards  produced,  which  is  attracted  by 
the  firft,  and  attaches  itfelf  to  it  by  one  of  its  fides  ; 
and  fo  on  with  regard  to  the  reft.  It  is  eafy  to  con- 
ceive, that  this  fuccefiive  increafe  will  produce  hollow- 
ed pyramids,  whofe  points  will  be  undermoft  and  bafe 
uppermoft.  When  their  number  becomes  too  great, 
they  fall  to  the  bottom  of  the  liquor^  The  water  in 
which  this  fait  was  diffolved,  and  which  was  evaporated 
till  it  would  furnifh  no  more  fait,  contains  no  other 
faline  matter,  if  the  fait  employed  was  very  pure.  That 
of  the  fea,  and  of  faline  fountains,  always  contains  fome 
falts  with  earthy  bafe.  The  earth  may  be  precipitated 
from  them  by  the  addition  of  the  fixed  alkali,  as  fhall 
be  mentioned  in  the  article  upon  the  earthy  neutral 
Salts. 

Marine  fait  feems  to  facilitate  the  fufion  of  the  glafles. 
It  always  occupies  the  fuperior  part  of  the  pots  in  which 
thefe  matters  are  fufed,  and  conflitutes  the  glafs  gall. 
It  is  ufed  for  glazing  the  furface  of  certain  earthen 
ware,  and  likewife  for  giving  them  a  kind  of  covering, 
by  vitrefying  their  external  part.  This  is  eafily  done,, 
by  throwing  a  certain  quantity  of  the  fait  into  the  ovens 
in  which  we  bake  the  ware.  There  it  is  volatilized, 
and  fpreads  itfelf  upon  the  furface  of  the  ware,  of  which 
it  helps  the  fufion  by  the  extreme  heat.  The  Englilh 
earthen  ware  is  done  over  in  this  manner. 

Pure 
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Pure  clay  has  lefs  aclion  upon  the  marine  fait  than 
upon  nitre  :  By  diftillation  with  this  fait,  it  only  gives  a 
weak  acid  and  a  little  phlegm.  The  diftillers  of  aqua- 
fortis, it  is  true,  extraft  the  fpirit  of  fait  in  this  manner : 
but  they  employ  the  fait  of  the  Gabelle,  which  contains 
much  marine  fait  with  earthy  bafe  ;  and  they  ufe  alfo  a 
clay  very  much  coloured  and  impure.  . 

The  terra  ponderofa  decompofes  marine  fait,  as  all 
the  other  alkaline  lalts,  according  to  the  experiments  of 
M.  Bergman. 

Quicklime  and  magnefia  occafion  no  change  upon  it. 
The  cauftic  vegetable  fixed  alkali  decompofe's  it;  be- 
caufe  it  has  more  affinity  with  its  acid  than  the  mine- 
ral alkali  has.  A  folution  of  marine  fait  mixed  with 
the  cauftic  alkali  of  tartar,  by  evaporation  gives  fal  fe- 
brifugus,  and  the  mother-water  contains  the  mineral 
alkali  pure  and  uncombined.  The  acids  exert  a  very 
remarkable  action  upon  marine  fait.  If  we  pour  oil  of 
vitriol  upon  it,  a  very  confiderable  motion  and  a  brifk 
heat  arife ;  a  violent  effervefcence  (c)  is  obferved  ;  and 
we  fee  the  marine  acid  difengaged  in  vapour,  which 
is  known  by  its  white  colour  and  pungent  odour.  If 
the  operation  is  performed  with  the  pneumato-chemi- 
cal  apparatus  with  mercury,  we  obtain  a  good  quantity 
of  marine  acid  gas.  Glauber  ufed  this  way  of  decom- 
pofing  the  marine  fait  by  the  acid  of  vitriol,  in  order 
to  obtain  its  acid;  for  which  reafon  it  gets  the  name  of 
Glauber's  fpirit  of  marine  fait.  He  difcovered  his  jal 
admirabile,  by  examining  what  remains  after  this  ope- 
ration. In  diftilling  fpirit  of  fait,  almoft  all  authors 
direct  us  to  put  fome  decrepitated  marine  fait  into  a 

P3  tu- 

(c)  An  effervefcence  is  as  manifefr.  in  this  operation,  as  in  the 
union  of  the  fame  acid  with  quicklime,  and  the  alkalis  faturated 
with  the  chalky  acid.  It  always  takes  place,  when  a  body  fepa- 
ratcd  from  combination  is  volatilized  in  the  form  of  gas.  It  may 
be  then  occafioned  by  the  chalky  acid,  the  marine  acid,  the  nitrous 
acid,  the  fulphureous  acid,  the  fparry  acid,  the  volatile  alkali,  &c. 
It  ought  not  to  be  afcribed  to  the  difeogagement  of  air 
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tubulated  ftone  retort,  and  to  pour  through  the  tuba 
half  its  weight  of  oil  of  vitriol.  This  acid  inftantly 
difengages  the  fpirit  of  fait  in  copious  vapours,  which 
pafs  through  the  neck  of  the  retort,  and  are  colleaed 
into  two  globular  veffels  adapted  to  that  purpofe.  The 
laft  of  thefe  veffels  is  pierced  with  a  fmall  hole,  to  allow 
the  vapours  to  pafs,  and  prevent  the  rupture  of  the  apr 
paratus.  In  this  operation,  as  in  the  diftillation  of  fpirit 
of  nitre,  a  great  quantity  of  the  moft  pure  acid  is  loft, 
being  diffipated  in  the  form  of  marine  gas  through  the 
hole  of  the  globe  ;  and  perfons  are  much  troubled  by 
the  very  corrofive  vapours  of  it  that  fill  the  laboratory 
in  which  it  is  made.  M.  Beaume,  in  order  to  fhun  a 
part  of  thefe  inconveniences,  puts  fame  v/ater  into  the' 
retort.  The  water,  when  volatilized  into  the  globe, 
abforbs  a  part  of  the  marine  gas ;  but  as  this  is  much 
more  volatile  than  the  water,  a  confiderable  quantity  of 
it  is  always  loft. 

M.  Bucquet  has  corrected  all  thefe  defects,  and  has  J 
found  means  to  procure  the  fpirit  of  fait  in  a  ftate  the 
ftrongeft  and  moff.  concentrated  that  is  poflible,  by  em- 
ploying the  inverfe  of  the  procefs  of  M  Beaume.    In-  I 
ftead  of  volatilising  the  water,  in  order  to  abforb  the  j 
marine  acid  vapours,  he  places  this  fluid  fo  as  to  meet j 
with  the  gas ;  and  for .  that  purpofe  ufes  Woulfe's  ap- 
paratus, which  we  have  defcribed  in  the  article  of  Nitre.  1 
He  puts  eight  ounces  of  diftilled  water  into  the  colla-  j 
teral  bottles  to  a  mixture  of  two  pounds  of  marine  fair,  j 
and  a  pound  of  oil  of  vitriol  in  the  retort.    The  acid 
gas,  conducted  by  the  tubes  into  the  water  in  the  bottles,  j 
is  abforbed  :  the  water  becomes  hot  by  its  combina-  ■:■ 
tion  with  the  marine  gas ;  it  is  even  ready  to  boil,  and 
it  abforbs  an  equal  weight  of  it.  When  it  contains  this 
quantity,  it  takes  up  no  more,  and  becomes  cold  ;  but 
the  gas  paffing  into  the  fecond  collateral  bottles  unites  ; 
anew  with  the  water  they  contain,  and  makes  it  boil. 

This  procefs,  very  ingenious  and  well  adapted  to  the  I 
properties  of  the  marine  acid  gas,  has  feveral  advan-  ] 

tages,.  * 
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ta^es.  1.  It  prevents  the  inconveniences  arifing  from 
the  marine  acid  gas  being  diflufed  through  the  air. 
c.  It  prevents  the  lofs  of  the  very  great  quantity, 
which  happens  even  in  M.  Beaume's  procefs-  3.  It 
affords  the  ftrongeft,  the  mod  concentrated,  and  moft 
fuming  fpirit  of  fait,  which  it  is  poflible  to  obtain. 
4.  This  acid  fpirit  is  at  the  fame  time  very  pure,  fince 
it  is  folely  formed  of  marine  gas  difolved  in  water.  It 
is  likewife  very  white,  whilft  that  which  they  had  for- 
merly in  the  laboratories  was  always  of  a  citron  colour: 
a  circumftance  which  has  even  led  the  chemifts  into 
an  error,  they  having  given  this  colour  as  a  character 
of  the  acid.  The  portion  of  fpirit  of  fait,  which,  in 
the  procefs  of  M.  Bucquet,  is  condenfed  in  the  tubes, 
is  yellow  and  contaminated,  owing  to  a  fat  matter  that 
is  contained  in  the  mixture,  juft  as  happens  in  the  an- 
cient procefs.  5.  The  new  method  warns  the  artiit  of 
the  neceffary  degree  of  fire,  and  of  the  the  manner  of 
conducting  his  operation,  by  the  more  s or  lefs  rapid 
paffage  of  the  marine  acid  gas  through  the  water  in  the 
■  bottles.  Laftly,  it  is  the  more  precious  ;  it  furnifhes 
the  means  of  determining  exactly  the  quantity  of  acid 
contained  in  the  marine  fait,  fince  there  is  no  portion 
of  it  left. 

The  nitrous  acid  likewife  decompofes  the  marine 
I  fait;  but  as  it  is  volatile,  part  of  it  rifes  and  unites  with 
1  the  marine  acid :    from  that  union,  the  mixt  acid, 
1  known  by  the  name  of  aqua  reoia,  remits.    M.  Baron 
has  difcovered,  that  fedative  fait,  by  the  amftance  of 
heat,  difengages  the  acid  of  the  marine  fait. 

rI  lie  ufe  of  marine  fait  is  very  extenfive.  It  is  em- 
ployed, 1.  In  the  manufacture  of  earthen  ware,  to  pror 
mote  the  fufion  of  their  furface,  and  give  them  a  kind 
of  covering.  2.  In  glafs-making,  for  whitening  and 
purifying  the  glafs.  3.  In  the  docimafia  or  elTaying  of 
minerals,  to  ferve  as  a  flux  to  the  bodies  which  form 
the  fcoria,  in  order  to  facilitate  the  precipitation  of  the 
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metals,  and  to  prevent  their  alteration  from  the  contact 
of  the  air. 

It  is  ufed  as  a  feafoning  to  our  victuals,  of  which  it 
corrects  the  infipidity  ;  and  it  promotes  digeftion,  by  oc- 
cafiomng  the  commencement  of  putrefaction  in  the  ali- 
mentary fubftances.  Although  it  is  fully  proved  by  the 
experiments  of  Drs  Pringle  and  Macbride,  that,  like  the 
moft  part  of  faline  matters,  it  retards  putrefaction,  and 
is  a  powerful  antifeptic  when  mixed  with  animal  fub- 
ftances in  great  quantity;  yet  it  afts  in  a  very  different 
manner  when  mixed  in  fmall  quantity  with  the  fame 
fubftances,  fince  it  reduces  them  fooner  to  the  ftate  of 
putrefaction ;  which  is  proved  by  the  experiments  of 
the  author  of  the  EfTay  on  the  Hiftory  of  Putrefaction, 
and  by  thofe  of  M.  Gardane. 

The  marine  fait  is  not  of  lefs  utility  in  medicine;  it 
is  ufed  as  a  very  active  ftimulant  in  acrid  glyfters.  It 
is  ftrongly  recommended  by  Ruffel  in  the  tabes  glandu- 
laris,  and  in  the  lymphatic  obftructions  which  depend 
upon  a  fcrophulous  taint.  M.  Lorry  has  arTured  me, 
that  he  has  experienced  very  good  effects  from  it  in  feve- 
ral  difeafes  of  this  nature.  It  purges  when  adminiftered 
in  the  dofe  of  a  few  gros.  However,  as  it  is  the  grey 
marine  fait  which  we  generally  ufe,  may  it  not  be  the  , 
calcareous  marine  fait  which  is  mixed  with  it,  on  which 
this  property  depends  ? 

LECTURE    XIX.  1 

Species  7.  Borax  (d). 

BORAX  is  a  neutral  fait,  formed  of  the  acid  in>  j 
properly  called  fedative  fait,  and  of  the  mineral 
fixed  alkali. 

The  hiftory  of  this  fait,  which  comes  to  us  from  the 

Eaft 

{d)  In  examining  the  neutral  falts,  we  have  hitherto  begun  with 
thofe  that  are  formed  by  the  combination  of  each  acid  with  the 
vegetable  fixed  alkali:  but  with  regard  to  thofe  which  contain  the  I 
fedative  fait,  we  mull  begin  with  that  which  has  the  mineral  alkali  ' 
fpr  its  bafe,  becaufe  it  is  the  only  one  properly  known. 


CHEMISTRY. 


33 


Eafl  Indies,  is  very  uncertain ;  we  are  not  even  pofi- 
tively  certain  whether  it  is  the  production  of  nature 
or  of  art.  Indeed,  if  the  difcovery  of  the  acid  of  this 
fait,  which  is  found  diffolved  in  the  waters  of  feverai 
lakes  in  Tufcany,  as  we  have  mentioned  in  the  hiftory 
of  that  acid,  can  enable  us  to  prefume  that  borax  is  a 
natural  production,  feverai  facts,  which  we  are  to  ex- 
plain more  fully  afterwards,  feem  to  demonftrate,  that 
it  is  poffible  to  form  this  fait  from  ail  grounds,  by 
means  of  certain  proceffes ;  and  perhaps,  fome  day, 
we  may  have  artificial  mines  of  borax,  as  now  we  have 
artificial  nitrous  hillocks  in  different  parts  of  Europe. 

Three  kinds  of  borax  are  met  with  in  commerce. 
The  firfl  is  the  impure  borax,  tincal,  or  cryfocolle, 
which  comes  from  Perfia.  It  is  in  greenifh  maffes, 
greafy  to  the  touch,  or  in  form  of  opaque  cryftals,  of  a 
pear  c"~  .,xl->  which  are  prifms  with  fix  furfaces,  termi- 
nated by  irregular  pyramids.  This  fait  is  very  impure, 
and  mixed  with  many  different  fubftances. 

The  fecond  kind  of  borax  is  called  Chinefe  borax, 
and  is  a  little  more  pure  than  the  preceding.  It  is  in 
form  of  fmall  plates  or  maffes  irregularly  cryftalized,  of 
a  pale-white  colour  :  we  obferve  in  it  the  rudiments 
of  prifms  and  pyramids,  but  confounded  together  with- 
out any  fymmetrical  arrangement.  We  obferve  alfo  an 
argillaceous  powder,  which  covers  the  furface  of  the 
cryftals. 

The  third  kind  is  the  borax  of  Holland,  or  refined 
borax.  Its  form  is  that  of  portions  of  cryftals  very  pure 
and  tranfparent :  we  find  in  them  pyramids  with  feverai 
fides,  but  their  cryftallization  has  been  interrupted, 
lnis  (hows,  in  a  certain  degree,  that  the  method  em- 
ployed  by  the  Dutch  in  the  refining  of  this  fait  is  folu- 
tion  and  cryftallization.  There  is  at  Paris,  in  Lombard- 
Itrcet,  a  druggift  who  poffeffes  the  fecret  of  purifying; 
and  refining  impure  borax,  and  who  prepares  it  in  as 
great  purity  as  that  which  is  purified  by  the  Dutch. 

Befides  thefe  four  kinds  of  borax,  an  apothecary  of 

Paris 
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Paris  has  difcovered,  that  it  is  daily  formed  in  foapy 
waters,  mixed  with  thofe  of  the  kitchen,  which  a  pri- 
vate perfon  allows  to  remain  in  a  kind  of  ditch.  In  a 
certain  time.fome  pure  borax  in  fine  cryftals  is  obtain- 
ed. Although  this  be  a  fact,  we  are  not  yet  more  fully 
informed  of  its  formation.  It  only  appears  that  it  is 
the  production  of  ftagnant  waters,  which  contain  fatty 
matters.  Some  authors  allure  us,  that  in  China  it  is 
made  artificially  by  mixing  in  a  ditch  greafe,  clay,  and 
dung,  in  alternate  beds,  by  moiftening  this  mixture 
with  water,  and  leaving  it  to  remain  in  this  fituation  for 
fome  years.  When  this  time  is  expired,  the  materials 
are  warned,  their  ley  is  evaporated,  and  we  extract  im- 
pure borax.  Others  have  imagined,  that  it  is  extract- 
ed from  water  which  has  been  filtrated  through  mines  of 
copper.  M.  Beaume  pofitively  fays,  that  the  firft  of 
thefe  procefles  has  fucceeded  very  well  with  him;  Chem. 
Exper.  torn.  2.  132.  Purified  borax  poffeffes  a  very 
regular  form.  Its  cryftals  are  prifms  with  fix  fides,  two 
of  which  are  generally  larger,  termined  by  three-fided 
pyramids.  There  are  befides  many  varieties  in  its 
cryftals.  Its  tafte  is  ftyptic,  and  very  ftrongly  contracts 
the  fibres  of  the  tongue.  It  turns  the  fyrup  of  violets 
green  as  the  alkalis  do.  When  we  expofe  it  to  the  ac- 
tion of  the  fire,  it  is  very  quickly  fufed  by  means  of 
the  water  in  its  cryftals :  it  gradually  lofes  this  water, 
and  acquires  a  confiderable  bulk;  then  it  becomes  a 
white  mafs,  porous  and  very  friable.  This  mows  us,  that 
the  air  alone  is  not  always  the  cement  of  bodies,  as  had 
been  concluded  from  the  experiments  of  Hales ;  but 
that  water  is  fometimes  the  caufe  of  their  folidity,  par- 
ticularly in  the  neutral  falts  (e).  The  confiderable 
bulk,  the  lamellated  and  porous  form,  which  borax 

afTumes 

(?)  It  is  certain,  that  in  the  organized  fubftances,  when  the  air 
is  diflipated,  by  means  of  a  very  advanced  decompofition,  they  lofe 
their  hardnefs,  and  even  all  their  confidence.  It  is  even  certain,  that 
fome  fimple  falts  acquire  folidity,  by  combining  with  fubftances 
jvhich  have  the  form  of  air,  as  we  have  feen  in  the  cafe  of  the  union 
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aflumes  in  its  calcination,  are  owing  to  the  water  being 
difengaged  in  the  ftate  of  vapour,  which  fupports  the 
faline  fubftances  in  pellicles,  and  to  the  bubbles  which 
it  forms  burfting  at  the  furface  of  the  fait.  Thefe 
pellicles  grow  dry,  and  place  themfelves  above  one  ano- 
ther, fo  as  to  leave  intervals  between  them.  Borax  in 
this  ftate  is  called  calcined  borax.  It  is  nowife  altered; 
it  only  Iofes  the  water  neceflary  to  its  cryftallization, 
which  amounts  to  above  fix  ounces  in  the  pound.  We 
may  reftore  it  to  its  former  fhape  by  foiurion  in  water, 
andfetting  it  to  cryltallize  ;  but  if  we  expofe  it  to  the 
action  of  the  fire,  it  fufes  as  foon  as  it  begins  to  turn 
red,  and  forms  a  very  fufible  tranfparent  glafs,  a  little 
green,  which  the  air  tannines,  and  which  is  foluble  in 
water.  The  borax  undergoes  no  change  in  its  nature 
by  this  fufion :  all  its  particular  properties  may  be  re- 
produced by  means  of  folution  and  cryftallization. 

The  air  does  not  alter  this  fait ;  it  only  forms  a  fmall 
efflorefcence  by  feparating  a  portion  of  its  water. 

Borax  is  very  foluble  in  water.  It  requires  twelve 
parts  of  cold  water  for  its  folution  ;  but  fix  parts  of 
boiling  water  are  i'ufficient.  Its  cryftals  are  obtained 
by  cooling  its  folution  ;  but  the  molt  beautiful  and 
regular  cryftals  are  formed  in  the  mother-water,  when 
allowed  to  evaporate  very  flowly,  and  by  the  tempera- 
ture of  the  atmofphere. 

Borax  is  ufed  as  a  flux  to  the  vitrefcent  earths,  with 
which  it  forms  a  very  good  glafs.  It  is  alfo  employed 
in  the  preparation  of  the  artificial  precious  ftones.  In 
like  manner,  it  vitrefies  clay,  magnefia,  and  lime.  This 
laft  fubftance,  heated  with  a  folution  of  borax,  decom- 
poses it.  The  lime  attracts  its  acid,  and  forms  wkh  it  a 
fait,  which  has  little  folubility,  leaving  the  cauftic  mi- 
neral 

of  the  chalky  acid  with  the  alkalis  and  lime,  as  well  as  with  regard 
to  oil  of  vitriol  combined  with  nitrous  gas:  but  there  is  a  great 
number  ofbod.es  wh.ch  owe  their  folidity  to  water;  and  in  parlicu- 
lar,  all  the  cryftals  of  the  neutral  falls,  fuch  as  borax,  owe  their  foli- 
jaity  to  this  circumftancc 
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neral  alkali  to  fwim  above.  This  experiment  belongs 
to  M.  Bergman  :  It  proves,  that  lime  has  more  affinity 
with  the  fedative  fait  than  the  mineral  alkali  has. 

We  have  not  yet  examined  whether  the  pure  vege- 
table fixed  alkali  decompofes  it,  as  happens  to  the  other 
neutral  falts  with  bafe  of  mineral  alkali. 

The  acids  have  a  very  remarkable  action  on  this  fait. 

If,  into  a  boiling  folution  of  borax,  we  pour  with 
caution  oil  of  vitriol,  until  there  be  a  flight  excefs  of 
acid  in  the  liquor,  we  obtain,  after  the  mixture  is  fil- 
trated and  cooled,  a  very  copious  precipitate,  difpofed 
in  fmall  brilliant  fcales.  This  fait,  fufed  with  combu-  j 
ftible  matters,  fuch  as  charcoal,  acquires  a  reddifh  co- 
lour ;  but  we  cannot  explain  the  alteration  which  they 
produce. 

Borax  is  of  great  ufe  in  feveral  arts.  It  is  ufed  in  the 
manufacture  of  glafs  as  an  excellent  flux,  and  likewife 
in  the  art  of  eflaying.  It  is  ufed  with  great  advantage 
in  foldering,  becaufe  it  fufes  the  allay  deftined  for  that 
purpofe  j  befides,  it  gives  the  furface  of  the  metals  wc  ] 
want  to  unite  a  foftnefs  which  is  very  requifite  in  this 
operation ;  and  by  covering  them,  it  prevents  their  being 
afted  upon  by  the  air. 

Species  8.    Vegetable  Borax. 

We  give  the  name  of  vegetable  borax  to  the  combi- 
nation of  the  acid  fedative  fait  with  the  vegetable  fixed 
alkali.  We  know  thefe  two  fubftances  are  very  fuf- 
ceptible  of  union ;  and  from  this  union  the  neutral  fait 
we  are  fpeaking  about  refults.  This  fait  is  obtained 
from  the  refiduum  of  nitre  decompofed  by  the  fedative 
fait.  M.  Beaume  fays,  that  this  refiduum  was  in  a  white 
mafs  half  fufed ;  and  when  diflblved  in  water  produced 
a  fait  in  fmall  cryftals.  We  fee,  then,  that  vegetable 
borax  is  fufible,  foluble,  and  cryftallizable.  It  is  pro- 
bable that  the  pure  acids  would  decompofe  it,  as  well 
as  ordinary  borax.  We  know  nothing  more  about  this 
fait  requiring  farther  examination. 
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Species  9.    Sparry  Tartar. 

This  name  may  be  given  to  the  combination  of  the 
fparry  acid  with  the  alkali  of  tartar,  like  that  of  vitri- 
olated  tartar.  This  fpecies  of  neutral  fait  has  been  but 
flightly  examined  by  Mr  Scheele  and  Boullanger.  It 
is  always  in  a  gelatinous  fcate,  and  never  cryftallizes, 
according  to  thefe  two  chemifts.  When  dried  and 
fufcd,  it  is  acrid,  cauftic,  and  deliquefcent,  according 
to  Mr  Scheele.  This  chemifl:  accordingly  compares  it 
to  the  liquor  filicum.  It  feems  that  the  fire  difengages 
from  it  the  fparry  acid ;  and  that  the  filiceous  earth, 
with  which  Mr  Scheele  fuppofes  the  acid  to  be  always 
charged,  fufes  into  a  foluble  glafs  by  means  of  the  fixed 
alkali. 

The  fparry  tartar  is  very  foluble  in  water  ;  it  always 
retains  fo  great  a  quantity  of  it,  that  it  cannot  be  made 
to  affume  a  eryftalline  form.  When  it  is  properly  fa- 
turated,  the  folution  of  it  does  not  change  the  fyrup  of 
violets. 

We  are  not  acquainted  with  the  action  of  quartz, 
clay,  terra  ponderofa,  nor  magnefia,  upon  this  fait. 
According  to  Mr  Scheele  and  Bergman,  lime  has  a 
greater  affinity  with  the  fparry  acid  than  the  vegetable 
fixed  alkali  has.  Sparry  tartar  put  into  lime-water  is 
inftantly  decompofed  :  The  lime  unites  with  the  acid, 
and  forms  an  infoluble  fait  which  difturbs  the  liquor, 
and  which  we  (hall  explain  more  fully  afterwards  under 
the  name  of  the  fparry  or  vitreous  fluor. 

The  fparry  acid,  then,  is  not  the  only  acid  which  has 
more  affinity  with  this  faline  earthy  fubftance  than  the 
alkalis  have.  Oil  of  vitriol  decompofes  the  fparry  tartar, 
and  drives  off  the  acid,  which,  according  to  Mr  Boul! 
langer,  comes  over  with  the  odour,  and  in  the  white 
vapour  peculiar  to  the  marine  acid.  In  performing  this 
experiment  with  a  diftilling  apparatus,  we  colled  the 
fparry  acid  in  the  fame  manner  as  we  do  that  of  nitre 
and  marine  fait  decompofed  by  the  oil  of  vitriol. 

The 
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The  aftion  of  the  nitrous  and  marine  acids  upon  tin"* 
fait  has  not  been  examined,  nor  that  of  the  neutral  fal'.s, 
as  far  as  we  know.  This  fait  being  very  little  known, 
is  befides  of  no  ufe. 

Species  10.    Sparry  Soda. 

By  this  name  we  call  the  neutral  fait  formed  by  the 
combination  of  the  fparry  acid  with  the  mineral  alkali, 
or  fait  of  foda.  This  fait,  like  the  preceding,  has  been 
very  little  examined.  It  is  only  to  M.  Scheele  and 
Bollanger  that  we  owe  any  knowledge  of  it ;  and  as  yet 
they  are  not  agreed  about  the  form  which  it  afTumes. 

M.  Scheele  fays,  that  the  marine  alkali,  united  with 
the  fparry  acid,  forms  a  jelly  like  the  former.  Boullanger 
afiures  us,  that  this  combination  affords  very  fmall  cry- 
Itals,  which  are  hard  and  brittle,  and  formed  into  oblong 
fquares  of  a  bitter  and  fomewhat  ftyptic  tafte. 

This  fait  laid  on  coals  decrepitates  like  fea-falt :  It 
dhTolves  with  difficulty  in  water. 

Lime-water  decompofes  it  like  the  fparry  tartar. 

Oil  of  vitriol  difengages  the  acid  with  effervefcence 
in  a  white  vapour,  and  with  a  pungent  odour  like  that 
of  fea-falt. 

After  this  brief  explanation,  this  fait  is  evidently  as 
little  known  as  the  preceding. 

Species  II.    Aerial  Tartar. 

The  two  lad  neutral  falts  which  remain  to  be  ex- 
amined, are  the  combinations  of  the  aerial  acid  with  the 
fixed  alkalis.  Thofe  fubftances  have  never  been  ranked 
among  the  neutral  falts,  although  they  be  really  fuch. 
Along  with  M.  Bucquet  we  give  the  name  of  aerial 
tartar  to  the  combination  of  the  aerial  acid  with  the 
vegetable  fixed  alkali.  This  faline  fubftance,  which 
always  has  been  taken  for  pure  alkali,  was  not  ac- 
knowledged to  be  a  neutral  fait  till  after  the  experi- 
ments of  Dr  Black.  It  got  the  name  of  the  fixed  fait 
of  tartar,  becaufe  it  was  extrafted  from  the  aflies  of  the 
J  t  tartar 
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tartar  of  wine.    It  was  looked  upon  as  an  alkr.li,  be- 
caufe  it  poffelTes  fome  of  the  properties  of  the  alkaline 
falts.    No  doubt  it  tinges  the  lyrup  of  violets  green, 
but  borax  and  the  vitriols  have  the  fame  property :  Its 
tafte  is  alkaline,  but  fo  is  that  of  borax.    It  was  diftin- 
guifhed  from  the  alkali  of  foda,  only  by  the  property 
which  was  afcribed  to  it,  of  readily  attracting  humidity 
from  the  air,  and  of  being  incapable  of  cryffallization(/). 
But  thefe  two  properties  depend  on  this  alone,  that  the 
fixed  fait  of  tartar  is  not  a  perfect  neutral  fait,  as  it 
contains  a  certain  quantity  of  pure  cauflic  vegetable 
alkali  alfo  :  it  is  from  this  excefs  of  the  alkali  that  it  is 
deliquefcenr.  At  prefent,  we  have  difcovered  the  means 
,of  having  an  aerial  tartar  very  cryftallizable,  which  does 
not  at  all  attract  the  humidity  of  the  air,  and  which  ra- 
ther efflorefces.    M.  le  Due  de  Chaulne,  who  has  been 
much  employed  about  this  fubjed,  prepares  this  fait  by 
expofing  the  caultic  fixed  alkali,  or  this  alkali  charged 
with  a  little  aerial  acid,  in  a  place  filled  with  this  ga- 
zeous  acid,  as  in  the  upper  part  of  a  veflel  in  fermen- 
tation. The  alkali  feizes  upon  all  the  aerial  acid  which 
it  can  abforb,  and  very  regularly  cryftallizes.    Its  cry- 
ftals  are  prifms  with  four  tides,  terminated  by  pyramids 
with  four  very  ihort  tides. 

The  tafte  of  aerial  tartar  is  urinous,  but  much  weaker 
than  that  of  the  cauftic  vegetable  alkali.  According 
to  the  calculation  of  M.  Bergman,  the  aerial  tartar  fa- 
turated  with  acid,  and  properly  cryftallized,  which  he 
calls  aerial  vegetable  alkali,  contains  in  the  cwt.  20  parts 
of  aerial  acid,  48  of  pure  alkali,  and  32  of  water  -  But 
it  muff  be  obferved,  that  the  aerial  falts  in  general  are 

more 

JtfASf  fIUS  re're;'  that  uaVT  evaP°ra^>  ^  a  flow  and 
gentle  heat,  fome  oil  oPtartar,  he  obtained,  und-r  a  M;nt.  ~  1:15 

bcaunfulcryftals,  which  were  preferved  more  hl  fivv       P  I 

to  crvftalliyp     A n-iA  a    c  ■  ot  tartar  may  be  made 

*»  cryttaiuzf,    Acad,  des  Scicn.  an.  1764.  p.576. 
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more  fufceptible  than  the  other  fatts  of  very  different 
dofes  of  acid.  Notwithstanding  this  property,  this  fait 
never  furnifhes  regular  cryftals  but  when  it  is  perfect- 
ly faturated ;  and  we  may  look  upon  M.  Bergman's 
calculation  as  exact  and  conftant. 

Aerial  tartar,  when  it  is  properly  cryftallized,  fuffers 
no  alteration  from  the  air  ;  its  cryftals  remain  tranfpa- 
rent,  without  liquefying  or  efflorefcing. 

This  fait  diffolves  very  well  in  four  parts  of  cold  water, 
and  in  a  little  lefs  of  hot  water :  It  produces  fome  cold 
in  its  union  with  this  fluid  ;  it  cryftallizes  by  means  of 
evaporation  and  cold  ;  it  can  be  ufed  as  a  flux  to  the 
earths,  like  the  pure  vegetable  fixed  alkali,  becaufe  it  is 
alkalized  by  the  attion  of  the  fire.  Clay  has  no  a&ion 
upon  it ;  and  it  reduces  the  clay  by  fufion  into  a  glalfy 
frit,  with  a  little  more  difficulty  than  the  pure  vegetable 
fixed  alkali  does. 

The  terra  ponderofa  deprives  this  fait  of  its  aerial 
acid.  Lime  alfo  decompofes  it,  becaufe  it  has  more 
affinity  with  the  aerial  acid  than  the  vegetable  fixed  al- 
kali has. 

If  fome  lime-water  is  poured  into  a  folution  of  aerial 
tartar,  a  fait,  formed  by  the  union  of  the  lime  and  the 
aerial  acid,  is  precipitated,  and  the  pure  alkali  remains 
in  folution  in  the  water.  This  decompofition  is  ufed 
in  pharmacy  for  the  preparation  of  the  lixivium  caufti- 
cum,  which  is  only  the  fixed  vegetable  alkali  rendered 
cauflic  by  the  lime. 

Modern  experience  teaches  us,  that  the  procefs  of 
Lemery  followed  by  feveral  pharmacopoeias  is  very  de- 
fective. It  confifts  in  mixing  two  pounds  of  afhes 
of  tartar  of  wine  (g)  with  a  pound  of  quicklime,  in 
moiftening  this  mixture  with  16  pounds  of  water,  in  fil- 
trating and  evaporating  the  ley  in  a  copper  veffel,  and  in- 
fufing  in  a  crucible  and  pouring  upon  a  plate  the  refi- 

1  duum 

(g)  The  afhes  of  tartar  are  thofe  furniflied  by  the  combuftion 
of  grape-hufks  and  the  dregs  of  wine.  Thefe  afhea  contain  much 
alkali  or  aerial  tartar  and  a  little  vitriolated  tartar. 
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duum  of  this  evaporation.    By  this  procefs  we  obtain 
only  an  impure  alkali,  little  cauftic,  charged  with  cop- 
per.   M.  Bucquet,  who  perceived  all  thefe  inconve- 
niences, has  given  a  procefs,  very  tedious  and  very  trou- 
blefome,  I  confefs ;  but,  upon  the  whole,  much  furer 
and  more  uleful  for  the  preparation  of  vegetable  alkali, 
very  pure,  if  neceffary,  in  chemical  experiments.  The 
procefs  is  as  follows :  To  two  pounds  of  good  quick- 
lime, flaked  with  a  little  water,  we  add  a  pound  of  fixed 
fait,  and  pour  as  much  water  as  will  form  a  pafte;  when 
the  mixture  is  cold,  we  add  water  to  the  quantity  of  \6 
pints,  and  put  the  whole  on  a  piece  of  paper  fupport- 
ed  by  a  linen  rag.    About  two  pounds  of  a  clear  liquor 
pafs  through;  and  we  wafh  the  lefiduum  with  four 
pints  of  boiling  water  to  diffolve  all  the  alkali.  This 
liquor  makes  no  cffervcfcence  with  the  acids;  but  the 
beft  teft  of  its  perfect  caufticity  is,  that  when  mixed  with 
lime-water  it  caufes  no  hardnefs ;  which  ftows  that  it 
contains  no  more  aerial  acid.    However,  as  after  this 
operation  it  may  (till  caufe  a  little  preciptation,  if  we 
defire  to  have  a  very  pure  alkali  for  delicate  experi- 
ments  we  muft  treat  this  ley  with  two  pounds  more  of 
quicklime;  then  it  panes  very  clear,  and  fo  cauftic,  that 
the  tranfparency  of  the  lime-water  is  not  arretted  When 
we  evaporate  the  alkali  on  an  open  fire,  it  attracts  the 
aerial  acid  from  the  atmofphere.    To  have  it  very  can! 

£7rctorra    Iw^  ^  ^  t0  CVaP°ralC  the  W 

ff  r  e  01,  i  VCT  tedlOUS  °Peration  is  not  nc 
ceiiary  for  the  lapis  caufticus. 

The  vitriolic,  nitrous,  marine,  and  fparrv  acid*  »< 
a  fo  fedative  fait,  decompofe  aerial  tartaT,  u  it  '  ^i  1 
the  fixed  alkali,  and  volatilizing  the  aerial  acid  whic 
«  difengaged  with  effervefcence'.    It  may  be  col  eft  d 

threeenrtCr  °r  T^'    ?  is  diftin^iihed  b  he 
three  following  characters  ;  fits  extinguifliin.  candle, 
reddening  the  tinaure  of  turnfol,  and  A^^^l 

The  neutral  falts,  which  we  have  been  examining,  are 

no 
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not  altered  by  the  aerial  tartar,  nor  does  it  fuller  any 
alteration  from  them.  The  aerial  tartar  is  very  abun- 
dant in  nature.  It  is  found  ready  formed  in  vegetables, 
and  is  extracted  by  the  incineration  of  tjhefe  organic 
bodies,  as  will  be  mentioned  in  the  Vegetable  King- 
dom; particularly  it  is  obtained  from  burnt  tartar.  It 
is  alfo  made  by  the  detonation  of  nitre.  Aerial  tartar  is 
of  very  extenfrve  ufe  in  the  arts.  It  is  ufed  in  medicine 
as  a  very  active  difcutient  in  obftructions  of  the  mefen- 
tery  and  urinary  palfages.  It  is  only  adminiflered  in 
fmall  dofes,  and  given  along  withfome  other  fubftance 
to  moderate  its  action. 

Species  1 2 .  Aerial  Soda  or  Nat  rum. 

This  fait,  like  the  foregoing,  was  formerly  looked  up- 
on as  an  alkali :  it  is,  however,  a  combination  of  the 
aerial  acid  with  the  fixed  mineral  alkali.  The  name  of 
naWkm  has  been  retained,  which  was  given  to  it  by  the 
ancients.  This  fait  has  an  alkaline  tafte,  and  renders  the 
fyrup  of  violets  green.  It  is  naturally  purer  than  the. 
aerial  tartar,  for  it  is  long  lince  its  property  of  cryftal- 
lizing  was  known;  a  property  which,  taken  in  general, 
diftinguifhes  the  neutral  from  the  fimple  falts.  This 
property  is  owing  to  its  containing  a  greater  quantity  of 
aerial  acid,  and  to  the  more  intimate  union  of  the  aerial 
acid  with  the  mineral  than  with  the  fixed  vegetable 
alkali.  The  aerial  foda  or  natrum  rapidly  cryftallized, 
forms  rhomboidal  laminae,  obliquely  adhering  to  one 
another,  fo  that  they  feem  to  be  covered  in  the  lame 
manner  as  tiles.  If  it  is  flowly  cryftallized,  it  aflumes 
an  octaedral  form,  whole  pyramids  are  truncated,  or 
like  ten-fided  folids. 

This  fait  in  general  fufes  more  rapidly  than  the 
aerial  tartar.  In  the  manufacture  of  glafs  it  is  employ- 
ed preferably  to  aerial  tartar.  Itlofes  the  great eit  part 
of  its  acid  by  heat,  but  always  retains  a  little  of  it.  M. 
Bergman  has  found  by  an  exact  analyfis,  that  100  parts 

of  aerial  foda,  which  he  calls  aerial  mineral  alkali,  con- 
tain 
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tain  1 6  parts  of  aerial  acid,  20  parts  of  pure  alkali,  and 
64  parts  of  water;  fo  that  the  mineral  alkali  requires 
more  aerial  acid  than  the  vegetable  does  for  faturation, 
and  the  natrum  in  its  cryftals  retains  double  the  quan- 
tity of  water  the  aerial  tartar  retains. 

Aerial  foda  is  more  foluble  than  aerial  tartar.  It  dif- 
folves  in  two  parts  of  cold  and  in  an  equal  quantity  of 
boiling  water.  It  is  cryftallized  by  means  of  cold  ;  but 
a  flow  evaporation  furniflies  the  mod  regular  cryftals.. 

The  aerial  foda,  when  expofed  to  the  air,  falls  into 
powder,  becaufe  it  lofes  the  water  of  its  cryitallization; 
but  it  is  not  altered,  and  it  may  be  reduced  to  its  former 
Itate  by  folution  and  cryftallization. 

This  fait  greatly  facilitates  the  fufion  of  the  vitrefcent 
earths,  and  forms  a  glafs  lefs  fufceptible  of  alteration 
han  the  glafs  formed  by  means  of  aerial  tartar;  for 
vhich  reafon,  it  is  preferred  in  the  manufactory  of  glafs. 
t  is  obferved,  that  fand,  by  uniting  with  this  fair,  dif- 
mgages  the  aerial  acid  with  remarkable  effervefcence. 

The  terra  ponderofa,  and  likewife  lime  and  its  folu- 
ion,  decompofe  the  aerial  foda  as  they  do  the  aerial 
artar,  and  difengage  the  mineral  alkali  in  its  cauftic 
rate'.    If  we  wilh  to  have  this  fait  in  a  ftate  for  deli- 
ate  chemical  experiments,  we  muft  ufe  the  procefs 
efcribedfor  the  preparation  of  the  lixivium  caufticum. 
^  Natrum  is  decompofed,  like  aerial  tartar,  by  the 
itriolic,  nitrous,  and  marine  acids,  &c.    Its  aerial 
cid  may  be  obtained  above  water  or  mercury.  This 
ilt  is  ready  formed  at  the  furface  of  the  earth  in 
•gypt.    It  is  found  in  the  afhes  of  marine  plants  al- 
),  but  not  faturated  with  all  the  acid  with  which 
may  be  united.    To  render  it  more  perfectly  neu- 
al,  we  may  combine  itdirefthr  with  aerial  acid,  whe- 
ler  by^  agitation  over  a  ve*Tcl  in  fermentation,  or 
y  receiving  into  its  folution  fome  aerial  acid  difcn- 
iged  from  chalk  by  fpirit  of  vitriol.    It  is  alio  made 
1  impregnating  the  fides  of  a  veflel  containing  a  folu- 
i^n  of  foda,  and  introducing  into  the  veiTd  fome  aerial 

acid  j 
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acid ;  we  cover  it  with  a  moiftened  bladder,  and  in  a 
few  hours  the  combination  is  complete  ;  the  bladder 
is  hollowed  on  account  of  the  vacuum  formed  in  the 
vefiel,  and  the  neutral  fait  is  laid  in  regular  cryftals  upon 
the  fides. 

Natrum,  may  be  employed  for  the  fame  purpofes  as 
aerial  tartar. 

LECTURE  XX.  I 

Genus  II.    Imperfed  neutral  Salts  with  bafe  of  volatile 
alkali  ;  or  Aiiwioniacal  Salts. 

*  |  iHE  ammoniacal  falts  are  more  eafily  decompofed  I 
than  the  perfect  neutral  falts  :  They  are  all  formed  I 
of  an  acid  united  to  the  volatile  alkali  ;  their  tafte  im 
general  is  urinous ;  they  are  all  more  or  lefs  volatile. 
We  are  acquainted  with  fix  kinds  ;  vitriolic  ammoniac,, 
nitrous  ammoniac,  marine  ammoniac,  or  fal  ammoniac: 
properly  fo  calied,  fedative  ammoniac,  fparry  ammo--| 
mac,  and  aerial  ammoniac. 

Species  i.    Vitriolic  Ammoniac. 

This  fait  refults  from  the  combination  of  the  vitriolic, 
acid  with  the  volatile  alkali.  It  was  called  the  fecret  am--\ 
moniacalfalt  of  Glauber  ^  becaufe  that  chemift  difcoveredit. . 
It  is  in  the  form  of  needles,  which,  carefully  examined,  , 
feem  to  be  prifms  with  fix  furfaces  ;  two  of  which  areb 
large,  terminated  by  pyramids  with  fix  fides,  and  of  the: 
lame  form  as  the  prifms  :  Some  variety  occurs  in  thefe  I 
cryftals ;  they  fometimes  refemble  rock-cryftal,  or  vi-1-I 
triolated  tartar. 

The  tafte  of  this  fait  is  bitter  and  urinous ;  it  is  very 
light  and  friable. 

As  it  retains  much  water  in  its  cryftallization,  it  li- 
quefies even  with  a  very  gentle  fire  ;  but  it  gradually 
becomes  dry  from  the  diiiipation  of  the  water  of  its 
cryftals.  In  this  ftate  it  begins  to  redden,  and  fufes 
very  quickly  without  being  volatilized,  according  to 
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M.  Bucquet,  although  Mr  Beaume  declares  that  it  is 
femi-volatile.  By  a  repetition  of  this  experiment,  I 
found,  indeed,  that  part  of  the  fait  fublimes,  but  that  a 
fixed  portion  remains  in  the  vellel.  It  is  undoubtedly 
this  fait  which  M.  Bucquet  meant.  This  fatt  requires 
confirmation. 

Vitriolic  ammoniac  fuffers  almoft  no  alteration  from 
the  air :  it  does  not  fall  into  an  efflorefcence,  like  Glau- 
ber's fait ;  on  the  contrary,  it  nightly  attracts  the  air's 
humidity. 

It  is  very  foluble  in  water,  two  parts  of  cold  water 
diffolving  one,  and  boiling .  water  its  own  weight. 
It  cryftallizes  by  cold  ;  but  the  mod  beautiful  cryftals 
are  obtained  by  infenfible  and  fpontaneous  evaporation  : 
It  unites  alfo  with  ice,  which  it  melts,  and  with  which  it 
produces  a  considerable  cold.  It  has  no  action  upon  the 
earths,  nor  on  magnefia  ;  although  this  laft  fubflance 
feems  to  decompofe  it  through  length  of  time,  according 
to  the  obfervation  of  M.  Bergman. 

Lime,  terra  ponderofa,  and  the  pure  fixed  alkali, 
difengage  its  volatile  alkali,  as  will  be  taken  notice  of 
in  the  article  Sal  Ammoniac.  If  we  diftill  fome  aerial 
tartar,  or  natrum,  with  vitriolic  ammoniac,  a  double 
decompofition  and  double  combination  takes  place  : 
the  vitriolic  acid  frizes  the  fixed  alkali,  to  form  vitrio- 
Ir.ted  tartar  or  Glauber's  fait ;  the  aerial  acid  is  diffipated 
along  with  the  alkaline  gas  :  thefe  two  bodies  unite, 
and  form  a  particular  fal  ammoniac,  which  cryftallizes 
in  the  recipient.  We  fhall  explain  more  fully  this 
fubjecr,  in  the  article  on  Sal  Ammoniac.  ^ 

The  nitrous  and  marine  acids  difengage  the  vitriolic 
from  it  as  from  vitriolated  tarrar. 

It  has  not  hitherto  been  found  among  the  productions 
of  nature  :  however,  we  rea#  in  the  May  on  Cryftal- 
lography,  of  M.  Rome  de  LSfle,  1772,  page  57.  'that, 
according  to  the  M.  Sage,  the  native  fait  of  volcanos 
is  of  the  fame  kind.  It  is  artificially  produced  by  a  di- 
rect combination  of  the  vitriolic  acid  with  the  volatile 
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alkali  ;  by  dccompofmg  the  earthy  or  metallic  vitriolic 
falts  by  means  of  the  volatile  alkali  ;  or  laflly,  by  de- 
compofing  the  nitrous,  marine,  and  aerial  ammoniac* 
by  means  of  the  vitriolic  acid. 

This  fait  is  of  no  ufe,  though  Glauber  ftrongly  re- 
commended it  in  the  operations  o3F  metallurgy. 

Species  2.    Nitrous  Ammoniac. 

This  fait,  like  the  preceding,  is  the  production  of 
art.  It  is  prepared  directly  by  combining  the  nitrous 
acid  with  the  volatile  alkali  :  it  is  cryftallized  in  prifmsj 
whofe  number  and  difpofition  of  fides  has  not  been  well 
examined.  ^  M.  Rome  de  Lifle  fays,  that  it  is  capable 
of  cryftallizing  into  beautiful  needles,  very  like  thofe 
of  vitriolated  tartar.  When  it  is  expofed  to  the  action 
of  fire,  it  liquefies,  exhales  in  aqueous  vapours,  dries, 
and,  after  being  red  hot  for  a  long  time,  it  detonates' 
alone  without  the  contact  of  any  combuftiblefubftance, 
and  even  in  clofe  veflels.  This  Angular  property  un- 
doubtedly depends  on  the  volatile  alkali,  fince,  as  we 
have  already  obferved,  the  alkaline  gas  feems  to  have 
fomcthing  combuftible  ;  and  it  augments  the  flame  of 
candles  previous  to  their  being  extinguished. 

We  do  not  know  whether  this  fait  be  fufible  ;  for 
the  firft  liquefaction  is  entirely  owing  to  the  water  of  j 
its  cryftajs,  and  it  takes  fire  before  it  undergoes  thej 
fecond. 

Neither  of  its  volatility  can  we.  form  a  judgment,! 
fince,  before  it  be  fublimed,  it  is  deftroyed  by  com- • 
bullion. 

,  It  attracts  a  little  humidity  from  the  air  j  fo  that  its! 
cryftals  adhere,  and  form  kinds  of  knots. 

It  is  very  foluble  in  water  ;  it  unites  with  ice,  and 
fufes  it,  and  then  produces  a  confiderable  degree  of 
cold.  It  is  more  foluble  in  warm  water  than  in  cold;  ' 
it  only  requires  the  half  of  its  own  weight  of  hot  water 
to  diflblve  it,  and  it  cryflallizes  by  cold  :  But  this  cry- 
ftaffrzation  is  irregular  j  and  to  obtain  well-formed  cry-1 
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(his,  it  is  neceflary  to  have  recourfe  to  fpontaneous  or 
infcnfible  evaporation.  Nitrous  ammoniac  is  decora- 
pofed  by  the  terra  ponderofa,  lime,  and  the  alkalis,  like 
the  fecret  ammoniac  of  Glauber.  The  alkaline  gas, 
feparated  by  thefe  cauflic  fubftances  being  very  vola- 
tile and  very  expanfible,  the  decompofition  of  nitrous 
ammoniac,  like  that  of  all  the  falts  of  this  kind,  is  per- 
ceptible in  the  cold,  and  is  effected,  by  the  trituration  of 
this  fait  with  lime ;  but  we  cannot,  without  danger, 
employ  fire  for  its  decompofition,  even  in  clofe  veflels, 
on  account  of  its  inflammability. 

1'he  vitriolic  acid  difengages  the  fpirit  of  nitre  of  this 
fait  with  effervefcence,  and  with  its  bafe  forms  fome 
ammoniacal  fait  of  Glauber.  Aerial  tanar  and  aerial 
foda  decompofes  it,  and  are  themfelves  mutually  de- 
compofed. 

Nitrous  ammoniac  is  of  no  ufe. 

Species  3.    Sal  Ammoniac* 

Sal  ammoniac  is  the  combination  of  the  marine 
acid  with  the  volatile  alkali.  The  ancients  gave  it  this 
name,  becaufe  they  brought  it  from  Ammonia,  a  coun- 
try of  Africa,  where  the  temple  of  Jupiter  Ammon  was 
fituated.  This  fait  is  found  about  volcanos  ;  but  that 
employed  in  the  arts  is  an  artificial  preparation. 

The  true  origin  of  this  factitious  fait  was  not  known 
till  the  commencement  of  this  century,  although  it  has 
been  ufed  in  a  great  number  of  arts  from  time  imme- 
morial. By  a  letter  written  in  1770  by  Mr  Lemery, 
then  conful  at  Cairo,  we  are  toki,  that  fal  Ammoniac  is 
extracted  by  fublimarion  from  a  foot  that  iffues  from 
hillocks  of  animal  dung,  which  is  burnt  in  that  country 
inftead  of  Wood.  This  foot  js  put  into  large  round 
bottles,  a  foot  and  a  half  in  diameter,  terminated  by  a 
neck  two  inches  high  :  thefe* bottles  are  filled  with  it 
within  four  inches  of  the  neck.  Every  bottle  contains 
about  forty  pounds  of  foot,  and  furnilhes  rather  more 
than  fix  pounds  of  fait.    Thefe  veflels  are  placed  in  a 
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furnace  in  form  of  an  oven,  fo  that  the  neck  only  may 
project.  The  fire  is  kindled  with  the  dung  of  animals, 
•and  continued  for  three  fucceffive  days  and  nights! 
The  fait  only  begins  to  fublimeon  the  fecond  and  third 
day.  The  bottles  are  then  broken,  and  the  cakes  of 
ftlt  taken  out :  Thefe  cakes,  which  are  brought  to  us 
in  the  fame  (hape  in  which  they  are  taken  out  of  the 
bottles  in  Egypt,  are  convex  and  unequal  on  one  fide, 
in  the  middle  of  which  there  is  a  tubercle  that  marks 
the  neck  of  the  veffel  in  which  they  were  fublimed ; 
the  inferior  fide  is  concave  and  impure,  and  likewife  the 
fuperior,  by  a  kind  of  foot.  Pomet  mowed  a  fal  am- 
moniac which  came  by  the  way  of  Holland,  and  was 
in  the  form  of  truncated  cakes,  like  thofe  of  fugar. 
Geoffry,  the  firft  perfon  in  France  who  found  out  the 
materials  of  this  fait,  and  formed  a  conjecture  of  the 
procefs  employed  at  Cairo  for  its  preparation,  discovered 
that  this  fecond  kind  of  fal  ammoniac  is  made  in  the 
Indies  ;  that  it  is  prepared  in  much  greater  quantity 
than  in  Egypt ;  and  that  it  differs  from  this  laft  only 
in  its  form,  being  alfo  fublimed.  Tndeed  thefe  cakes, 
weighing  from  four  to  five  pounds,  are  hollowed  at 
their  bafe,  and  formed  of  different  layers.  The  cone 
is  truncated,  becaufe  the  point  is  broken  off,  which  is 
nothing  but  an  impure  matter. 

M.  Beaumc  has  eftabliihed  in  the  neighbourhood  of 
Paris  a  manufacture  of  fal  ammoniac,  where  they  pre- 
pare this  fait  to  a  considerable  extent ;  in  which  it  differs 
from  that  prepared  by  the  Egyptians,  who  extracl:  it 
only  in  fmaller  quantities  :  the  fait  of  M.  Beaumc  has 
alfo  the  advantage  over  that  of  the  Egyptians,  of  being 
much  purer. 

Thetafte  offal  ammoniac  is  pungent,  acrid,  and  uri- 
nous. The  form  of  its  cryltals  is  that  of  an  hexae'dral 
elongated  pyramid,  that  in  form  of  plumage  being 
only  the  reunion  of  all  thofe  pyramids  which  approach 
to  one  another  at  an  angle  more  or  lefs  acute.  M.  Rome 
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de  Lifle  thinks,  that  the  cryftals  of  fal  amnionic  are 
octaedral  figures  united.  We  find,  though  rarely,  cubic 
cryftals  of  this  fait.  This  fait  has  a  very  lingular  phy- 
fical  property,  a  kind  of  du&ility  or  elafticity,  which 
makes  it  yield  to  the  hammer,  and  flexible  by  the  fin- 
gers. Sal  ammoniac  is  altogether  volatile,  but  it  re- 
quires a  very  ftrong  fire  for  its  fublimarion.  This  pro- 
cefs  is  ufed  to  obtain  it  very  pure  and  as  free  of  water 
as  poflible.  It  is  pounded  and  put  into  matraffes  in  a 
fand  bath,  furrounded  to  the  middle  of  their  bulb  with 
the  fand.  The  heat  is  gradually  increafed  for  fe- 
veral  hours ;  by  this  proccls  a  mafs  is  obtained  com- 
posed of  channelled  needles  adhering  lengthwife.  When 
the  operation  has  been  managed  withaddrefs,  we  often 
find  in  the  middle  of  thefe  leaves  very  regular  cubic 
cryftals;  but  if  a  very  ftrong  heat  has  been  applied, 
there  only  appears  a  very  denfe  fhapelefs  mafs,  femi- 
tranfparent,  and  feeming  as  if  it  had  been  fufed. 

M.Beaume  obferved,  that  in  fubliming  this  fait  feve- 
ral  times,  a  little  volatile  alkali  and  marine  acid  was 
every  time  difengaged;  fo  that  it  would  perhaps  be  pof- 
fible,  as  this  chemift  thinks,  to  decompofe  it  by  repeated 
fublimation.  But  this  requires  confirmation. 

Sal  ammoniac  as  unalterable  by  the  air.  It  is  very 
foluble  in  water.  Six  parts  of  cold  water  are  fufficient 
for  its  folution.  During  this  folution,  a  confider- 
able  cold  is  produced.  This  cold  is  ftill  more  intenfe 
when  mixed  with  ice.  Boiling  water  diflblves  its  own 
weight.  It  cryftallizes  in  cooling  ;  but  th$  moft  regu- 
lar cryftals  are  obtained,  like  thofe  of  other  falts,  by 
fpontaneous  or  infenfible  evaporation.  Frequently  a 
very  copious  folution  of  this  fait,  contained  in  a  flafk 
frpofites  in  a  few  days  cryftaL*  like  plumage,  formed 
by  a  Imall  filament,  to  which  a  great  number  of  other 
filaments  are  joined  perpendicularly,  and  thofe  fupport 
other  lets  ones,  fo  that  it  feems  perfectly  to  imitate 
vegetation.  I  have  feveral  times  obferved  this  phenome- 
non 
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nan  in  my  laboratory,  (a).  Neither  clay  nor  ma-nc^  i 
decompiles  lal  ammoniac,  at  leaft  not  icnfibly. 

Lime,  and  likewife  the  terra  ponderofa,  difbngages  its 
volatile  alkali  even  in  the  cold.    The  trituration  of  fa  I 
ammoniac  with  quicklime  is  fufficient  inftantly  to  vola- 
tilize the  alkaline  gas,  the  odour  of  which  ftrongly  af- 
fects the  nerves.  If  the  experiment  be  performed  in  dole 
veffcls,  we  may  collect  the  volatile  alkali;  but  as  this 
operation  is  not  fufficiently  well  explained  by  authors, 
although  modern  knowledge  might  have  rendered  both 
its  explanation  more  accurate  and  its  execution  more 
certain,  it  is  our  opinion  that  fomething  more  mould  be 
faid  about  it.    If  we  employ  a  very  itrong  quicklime, 
and  very  dry  fal  ammoniac,  and  heat  this  mixture  in  a 
retort  having  its  neck  funk  below  a  vefiel  full  of  mer- 
cury, we  may  procure  a  great  quantity  of  alkaline  gas: 
when  we  diftrll  a  fimilar  mixture  in  veflels  without  a 
pneumatic  chemical  apparatus,  we  underftand  why  we 
obtain  almoft  no  produce,  and  why  we  are  expofed  to 
the  danger  of  the  veflels  burfting;  the  ftate  of  rarefac- 
tion, and  the  quantity  of  alkaline  gas  difengaged  in  this 
experiment,  are  the  real  caufe.  M.  Beaume  has  direct- 
ed to  put  fome  water  into  the  retort.  This  fluid  indeed  ; 
nbforbs  and  carries  off  a  part  of  the  alkaline  gas  along  \ 
with  it ;  but  as  the  gas  is  much  more  volatile  than  the 
water,  we  always  lofe  the^greatefl  part  of  it.  M.  Bucquct, 
with  great  fuccefs,  employed  M.  Woulfe's  apparatus,! 
iounded  upon  the  ftrong  affinity  of  this  gas  with  water,  ] 
and  upon  its  fingular  volatility. 

-  . .  This  ' 

(a)  No  chemift  but  has  experienced  how  interesting  it  is  from  j 
time  to  time  to  vifit  the  produds  preferved  in  a  laboratory,  parti-  . 
cularly  the  foliitions  of  the  falts.    When  chance  prefents  any  cur/-  J 
ons  obfervations,  we  ought  inftantly  tp  note  them,  that  fads  may 
not  be  loft,  which  may  become  very  important.     I  have  thus  ob- 
served cryltals  formed  which  I  never  could  obtain  by  evaporation. 
It  alfo  happens  in  flopping  or  unllopping  veflels,  that  fome  time 
after  cryftals  are  depofitcd,  the  formation  of  which  isfingularly  pro- 
moted  by  the  agitation  and  contad  of  the  air.    This  note,  ufelefa  ' 
to  thofe  who  labour  much,  is  inferted  for  the  fake  of  fucb  perfons 
only  as  intend  to  free  themfelvts  of  chemical  refearches. 
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This  ingenious  procefs  confifts  in  adapting  to  a  bal- 
loon with  two  points  an  empty  bottle,  to  which  are 
joined  two  or  four  other  collateral  ones  which  commu- 
nicate by  the  aid  of  fyphons.  Into  a  (lone  retort,  which 
is  to  be  luted  to  the  balloon,  we  put  the  quicklime  and 
dry  fal  ammoniac  in  powder;  we  raife  the  heat  flowly 
and  with  much  precaution,  to  fuch  a  degree  as  to  red- 
den and  even  vitrefy  the  bottom  of  the  retort;  the 
alkaline  gas,  difengaged  by  the  lime,  pafles  over  into 
the  balloon  and  into  the  bottles,  and  unites  with  the 
water,  caufing  a  heat,  faturates  it,  and  forms  in  the  firft 
bottles  the  itrongeft  and  mod  cauftic  alkaline  fpirit  pof- 
fible.  By  this  means  no  portion  of  the  volatile  alkali 
is  loft;  and  befides,  with  all  advantages  we  conduit  the 
operation,  we  have  a  very  pure  and  tranfparent  pro- 
duft,  we  are  nowife affected  by  the  vapour;  and  laftly, 
in  mort,  we  have  nothing  to  fear  from  the  rupture  of  the 
veffel?.  M.Bucquet  alfo  has  afcertained,  by  a  great  num- 
ber of  experiments,  that  only  14  parts  of  quicklime  are 
Efficient,  in/lead  of  three,  which  were  generally  em- 
ployed for  the  decompofition  of  one  of  fal  ammoniac. 

Lime  flacked  by  the  air  decompofes  this  fait  as  well 
as  quicklime;  the  refiduum  is  fome  calcareous  marine 
;  fait,  which  we  will  examine  afterwards.  This  operation 
I  proves,  that  lime  has  more  affinity  with  the  marine  acid 
than  the  volatile  alkali  has. 

The  two  fixed  alkalis  decompofe  this  fait  iuft  as 
lime  does. 

The  vitriolic  and  nitrous  acids  feparate  tfce  marine 
acid  from  the  fait,  and  unite  with"  its  volatile  alkali 
with  which  they  have  a  greater  affinity.  The  neutral 
ialts  have  no  action  upon  it  :  thofe  only  which  are 
formed  by  the  aerial  acid,  that  is'to.fay,  the  aerial  tar- 
tar and  loda,  decompofe  it.  In  mixing  thefe,  a  double 
cUttompofiuon  and  double  combination  takes  place:  ac- 
cordingly whilft  the  marine  acid  unites  with  the  fixed 
alkalmes,  the  aena  acid,  which  isfcparated  from  them, 
un.tcs  with  the  difengaged  volatile  alkali,  and  forms 
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with  it  a  neutral  ammoniacal  fait,  which  fublimes  in  cryj 
ftals,  and  with  which  the  inner  fide  of  the  balloon  is 
encrufted.  To  perform  this  operation,  we  mix  one  pat  e 
of  very  dry  aerial  tartar  with  one  part  of  fublimed  fal 
ammoniac  in  powder  ;  we  put  this  mixture  into  a  (tone 
retort,  to  which  a  large  balloon  is  adapted,  or  rather  a 
cucurbit  of  glafs ;  a  gradual  fire  being  applied  till  the 
bottom  of  the  retort  be  reddened,  a  well  cryftallized 
white  fait  is  fublimed  into  the  cucurbit.    It  is  aerial 
ammoniacal  fait ;  a  little  moifture  alfo  paffes  over :  the 
refiduum  is  febrifugal  fait.    By  this  means  a  very  confi] 
derable  quantity  of  this  fait  is  obtained,  which  almoft 
equals  2-3dsof  the  fal  ammoniac  employed.    This  phe- 
nomenon led  Du  Hamel  to  think  that  a  little  fixed 
alkali  paired  over  along  with  the  volatile.    But,  now 
that  modern  experiments  have  elucidated  this  the- 
ory, we  eafily  conceive,  that  the  aerial  acid  of  the 
fixed  alkali,  which  is  reunited  to  the  volatile,  is  the 
caufe  of  the  confiderable  quantity  of  the  fublimed  fait 
which  is  obtained.     However,  even  down  to  thefe 
times,  we  have  always  regarded  the  concrete  volatile 
alkali  as  the  pureft,  and  attributed  to  it  the  property  of  j 
cryftallizing  and  effervefcing  with  acids  ;  whilft  that 
which  is  obtained  by  means  of  lime,  and  which  is  the 
true  pure  volatile  alkali,  was  reckoned  an  altered  and 
in  part  a  decompofed  fait.  Hence  we  may  eftimate  how 
much  light  the  difcoveries  of  Dr'  Black  have  thrown 
upon  the  faline  fubftances ;  and  we  cannot  but  fay  that 
they  have  introduced  a  chemiftry  entirely  new. 

The  ufes  of  fal  ammoniac  are  very  exteniive.  In  me-J 
dicine,  it  is  employed  internally  in  the  dofe  of  a  few 
grains,  as  a  deobftruent,  in  obftrucYions,  intermittent 
fevers,  &c.  Externally,  it  acts  as  a  powerful  antifeptic 
in  gangrene  and  other  complaints. 

It  is  ufed  in  a  great  number  of  arts,  particularly  in 
that  of  dyeing,  and  in  the  operations  of  metallurgy, 
which  relate  to  the  reuniting,  or  foldering  of  different 
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metals.  The  braziers  employ  it  to  cover  the  furface 
of  copper  which  they  want  to  tin. 

Species  4.    Sedative  Sal  Ammoniac. 

Sedative  fal  ammoniac,  or  ammoniacal  borax,  is 
the  combination  of  fedative  fait  with  the  volatile  alkali. 
Nobody  has  as  yet  examined  this  neutral  fait.  I  made 
the  following  obfervations  upon  fome  of  its  properties. 

I  diflblved  very  pure  fedative  fait  in  the  cauftic  vo- 
latile alkali,  till  the  faturation  feemed  complete.  I  di- 
luted this  folution  with  a  little  water,  and  evaporated 
about  half  the  liquor  in  a  fand  bath ;  by  cooling,  I  got 
a  bed  of  cryltals  united,  the  furface  of  which  prefented 
poliedral  pyramids.  This  fait  has  a  pungent  and  uri- 
nous tafte  :  it  renders  the  fyrup  of  violets  green,  and  it 
is  not  fenfibly  altered  by  the  air:  it  feems  foluble  enough 
in  water  :  lime  difengages  the  volatile  alkali.  Thefe 
are  the  principal  properties  which  I  remarked  at  firft 
fight ;  but  I  have  not  examined  it  with  fufficient  ac- 
curacy to  comprehend  all  its  varieties.  It  is  of  no  ufe. 

Species  5.  Sparry  Ammoniacal  Salt. 

The  properties  of  this  fait,  like  the  former,  have  not 
as  yet  been  inveftigated.  M.  Boullanger  agrees  with 
M.  Scheele  in  faying  that  the  fparry  acid  combined  with 
the  volatile  alkali  does  not  cryftallize,  but  forms  a  gelly, 
and  emits  vapours  analogous  to  thofe  of  marine  acid' 
by  the  addition  of  the  vitriolic.  Thefe  two  chemifts' 
have  not  examined  the  other  properties  of  tins  kind  of 
fait ;  but  they  have  feen  enough  to  diftinguiih  the  fparry 
acid  from  the  marine. 

Species  6.  Aerial  Ammoniacal  Salt. 

M.Bucquet  has  given  the  name  of  aerial  ammoniacal 
fait,  to  what  was  formerly  called  concrete  volatile  alkali; 
but  which  is  truly  a  neutral  faline  combination  of  the 
aerial  acid  with  the  pure  volatile  alkali.  It  is  not  found 
pure  and  uncombined  in  nature.  It  is  extracted  from 
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almofl  all  animal  fubftances.  It  may  be  formed  by  the 
d.reft  union  of  aerial  acid  with  the  cauftic  volatile  al- 
kali, either  by  agitating  the  alkali  over  a  veffcl  in  fer- 
mentation or  by  making  the  aerial  acid  pafs  into  the 
fp.nt  or  by  introducing  this  acid  into  a  veflel  whole 
fides  have  been  moiftened  with  fome  volatile  cauftic 
alkali.  In  all  thefe  cafes  we  very  foon  obferve  the 
formation  of  ammonical  cryftals.  It  is  alfo  obtained  by 
decompofing  fal  ammoniac  by  the  aerial  neutral  fairs. 

It  is  fufceptible  of  a  regular  form.  Its  cryftals. feerri 
to  be  pnfms  with  feveral  fides.  M.  Bergman  fays  they 
are  o£taedral,  having  four  of  their  angles  truncated. 
M  Home  deLiflehas  feen  quantitiesof  thisfaltin  theform 
of  fmall  three-fided  prifms  fqueezed  together,  and  ter- 
minated  at  their  upper  extremity  by  a  three-fided  top. 

Its  tafte  is  urinous,  but  much  weaker  than  that  of 
the  cauftic  volatile  alkali ;  its  fmell,  though  fimilar  to' 
the  Iaft,  is  alfo  much  lefs  pungent  ;  it  turns  the  fyrup 
of  violets  green. 

It  is  very  volatile,  and  fublimes  entirely  with  a  fmall 
degree  of  heat.  _  If  it  is  well  cryftallized  when  we  heat 
it,  it  begins  to  liquefy  by  means  of  the  water  of  its  cry- 
ftals ;  but  almoft  at  the  fame  time  it  is  volatilized. 

It  is  very  foluble  in  water,  and  its  folution  raifesfome 
cold,  like  all  the  cryftallizing  falts.  Two  parts  of  cold 
water  diffolve  more  than  one  of  aerial  fal  ammoniac ; 
warm  water  more  than  its  own  weight ;  but  as  it  is  difli- 
pated  by  the  heat  of  boiling  water,  it  is  impoflible,  with- 
out the  danger  of  lofing  much  of  it,  to  employ  this 
means  for  its  cryftallization. 

It  llightly  attracts  the  humidity  of  the  air. 
The  earths  have  no  more  action  upon  it  than  upon 
the  other  ammoniacal  falts.  Magnefia  does  not  decom- 
pofe  it.  Lime  decompofes  it,  like  the  true  fal  ammo- 
niac, by  feizing  on  its  acid,  with  which  it  has  a  greater 
affinity.  If  we  pour  fome  limewater  into  a  folution  of 
aerial  ammoniacal  fait,  a  precipitation  inftantly  enfues, 
and  we  feel  a  pungent  odour  from  the  volatile  alkali.- 
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The  lime  feizes  on  its  aerial  acid,  with  which  it  forms 
chalk,  which  is  precipitated,  and  the  volatile  alkali  is 
feparated.  Quicklime  triturated  with  this  fait,  inilantly 
difengages  the  alkaline  gas.  By  putting  this  mixture 
into  a  retort,  we  may,  by  means  of  water  placed  in 
the  bottles  of  M.  Woulfe's  apparatus,  obtain  the  cauftic 
or  fluid  volatile  alkali,  as  we  obtain  it  from  the  fal  am- 
moniac diftilled  with  the  fame  intermedium :  This  de- 
compofition  proves,  that  lime  has  more  affinity  with  the 
aerial  acid  than  the  volatile  alkali  has;  a  fact  which 
the  other  acids  equally  (how. 

The  cauftic  fixed  alkali  decompofes  aerial  fal  ammo- 
niac as  the  lime  does,  by  feparating  the  volatile  alkali, 
and  uniting  with  its  acid. 

Laftly,  the  vitriolic,  nitrous,  marine,  and  fparry  acids, 
and  even  the  acid  of  borax,  have  more  affinity  with  the 
volatile  alkali  than  the  aerial  acid  has.  When  we 
pour  one  of  thefe  acids  upon  the  aerial  ammoniacal  fair, 
a  brifk  efTervefc.ence  enfues,  owing  to  the  diffipation  of 
the  aerial  acid.  If  this  decompofition  be  tried  in  a  long 
narrow  veffel,  we  may  be  fenfible  of  the  prefence  of 
the  aerial  acid,  by  plunging  a  candle  into  it,  which  will 
be  extinguished ;  by  its  turning  the  tincture  of  turnfol 
red  ;  and  by  its  precipitating  lime-water. 

Thefe  decompofitions  of  the  aerial  ammoniacal  fait 
by  means  of  lime  and  the  fixed  alkali,  which  feize  up- 
on its  acid,  difengaging  the  volatile  alkali,  and  likwife 
by  means  of  the  acids  which  difengage  the  aerial  acid, 
thofe  uniting  with  the  volatile  alkali,  clearly  demonftrate 
the  compofition  of  aerial  ammoniac. 

M.  Bergman  has  found,  by  accurate  experiments, 
that  a  hundred  meafures  of  this  fait  cryftallized  con- 
tain forty-five  of  aerial  acid,  forty-three  of  alkaline  gas, 
and  a  dozen  of  water.  As  there  is  more  acid  in  this 
fait  than  in  the  aerial  tartar  or  in  the  aerial  foda,  hence 
this  learned  chemift  concludes,  that  the  weaker  the  alka- 
line bafe  is,  the  more  acid  it  requires  for  its  faturation. 

The  aerial  ammoniac  has  no  aftion  on  the  perfect 
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neutral  falts.  We  (hall  more  fully  mention  afterwards, 
that  it  decompofes  the  calcareous  neutral  fairs  by  means 
of  a  double  affinity  ;  a  change  which  the  pure  caultic 
volatile  alkali  cannot  produce. 

Aerial  ammoniac  is  employed  in  medicine  as  a  fu- 
donhc  and  antihyfteric,  &c.  We  mix  it  with  any 
aromatic  fubltance.  It  is  reckoned  a  fpeeific  againft 
the  bite  of  the  viper.  It  is  given  in  the  dofe  of  a  few 
grains  in  the  drinks  recommended.  Several  perfons 
have  propofed  this  fait  as  a  very  ufefut  antivenereal 
remedy.  Laftly,  it  is  ufed  as  a  very  good  medicine  in 
difeafes  of  the  fkin.  Thefe  two  laft  properties  require 
further  confirmation  from  experience. 

Ge  nus  III.  Neutral  calcareous  Salts, 
Species  i .  Vitriol  of  Lime,  Selenite,  Gypfum. 
The  combination  of  the  vitriolic  acid  with  lime  gets 
the  name  of  calcareous  vitriol  or  felenite.  This  fait  ex- 
ills  in  great  abundance  in  nature.  As  it  afTumes  dif- 
ferent forms,  the  naturalifts  have  diftinguimed  a  great 
variety  of  them  ;  of  which  we  mail  only  mention  the 
moft  eflential  to  be  known. 

1.  Selenite  in  rhomboidal  lamina. — It  has  an  icy 
transparency  ;  the  pieces  which  are  found  in  cabinets 
are  irregular,  but  always  fplit  into  rhomboidal  lamina:. 

2.  Cuneiform  felenite,  or  felenite  in  form  of  a  fpear-top. 
It  is  formed  of  two  faline  triangles,  reunited  in  the 
middle,  each  of  which  is  compofed  of  triangular  lamina?, 
as  M.  de  la  Hire  obferved.    We  call  this  felenite,  lapis 
fpecularis,fharp  glafs,  or  talc  of  Montmartre. 

3.  Rhomboidal felenite  with  ten  fides. — This  is  what 
is  found  in  the  quarries  of  Pally. 

4.  Prifmatic  felenite  with  ten  fides. — It  is  formed  of 
fix-fided  prifu^,  terminated  by  two-fided  pyramids,  or 
by  a  returnin^tngle.    It  is  found  in  Switzerland. 

5.  Selenite  of  Montmartre, in  the  form  of  yellow  rattles. 
Thefe  are  piles  of  little  lenticular  cryltals,  obliquely 
placed  at  the  fide  of  one  another. 
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6.  Silken  or  fl  rioted  feleriite,  filken  gypfum  of  China. — 
It  is  found  in  Franche  Compte,  in  Angumois,  &c.  It 
is  formed  of  very  neat  prifms,  united  into  bundles,  for 
the  molt  part  Alining  and  refembling  fattin. 

7.  Common  gypfum^  or  Jlone-plajler. — This  fubftance 
is  white,  more  or  Iefs  grey,  ftrewed  with  little  brilliant 
cryllals  eafily  taken  out  with  a  knife.  It  is  found  dif- 
pofed  in  layers,  and  compofes  moft  of  the  mountains 
about  Paris.  It  will  be  mentioned  afterwards,  that  this 
is  not  pure  felenite. 

■  \\.  Gyp/eons  alabafler. — This  is  a  kind  of  a  {tone  for 
plaiter,  more  hard  and  more  ancient  than  the  preced- 
ing, from  which  it  differs  only  in  its  tranfparency,  a 
grey  yellow  colour,  and  a  difpofition  into  little  beds, 
which  are  . more  or  lefs  varied. 

Selenite  is  alfo  found  diffolved  in  waters,  as  in  the 
wells  of  Paris ;  but  it  is  never  pure,  and  is  always  found 
combined  with  fome  other  earthy  fait  with  bafe  of 
magnefia. 

Selenite  was  long  taken  for  a  ftony  fubfeance  by  the 
naturalifts.  As  they  found  it  had  no  tafte  nor  folubility, 
they  did  not  imagine  it  a  true  fait.  However,  it  has  a 
particular  tafte,  which  it  communicates  to  water,  and  of 
which  the  ftomach  is  very  fenfible  ;  for  a  folution  of  it 
occafions  a  confiderable  fenfation  of  cold  and  weight 
in  that  vifcus.  With  refpecl:  to  the  folubility,  the  form, 
the  purity,  the  tranfparency,  the  quantity,  and  befides 
the  difpofition  in  beds,  of  the  felenite  cryftallized  in 
many  places,  as  well  as  in  all  the  environs  of  Pans,  fuf- 
ficiently  (how,  that  it  has  been  at  firft  diffolved,  and  af- 
terwards depofited,  by  the  water.  Selenite,  expofed 
to  the  acYton'of  the  fire,  lofes  the  water  of  its  cryftals, 
decrepitates  when  quickly  heated,  and  becomes  of  an 
unpolifhed  whitenefs,  and  confiderable.  friability.  It 
forms  what  is  called  fine  plafler.  'As  with  water  it  is 
fufceptible  of  a  certain  tenacity,  we  can  by  moulding 
the  pafte  fo  formed,  make  very  white  and  beautiful  fta- 
tues ;  but  this  plafter  eafily  drying,  and  retaining  but 
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very  little  water,  it  is  fubjea  to  be  broken  with  the  leaf* 
ftroke.  If  we  urge  it  with  the  fire,  when  in  white 
powder,  it  fufes  at  length  into  a  kind  of  glafs  :  but  for 
this  purpofe  a  heat  of  the  moft  extreme  violence  is  re- 
quifite,  fuch  as  that  of  porcelain  furnaces,  or  of  the  fo- 
cus of  a  glafs  lens.  M.  d'Arcet  and  Macquer  have  fufed 
felenite.  Macquer  obferved,  that  by  expofing  the  po- 
I  lined  fides  of  cuneiform  felenite  to  a  burning  mirror 
it  is  only  whitened  ;  but  if  we  prefent  it  on  its  edge* 
it  boils,  and  mftantly  fufes. 

Selenite,  put  upon  a  hot  iron,  turns  phofphorefcent.. 
It  is  unalterable  by  the  air;  it  is  foluble  in  water. 
According  to  the  chemifts  of  Dijon,  about  500  parts  of 
water  are  required  to  diffolve  one  of  felenite.   Hot  water 
dhTolves  no  more.    By,  evaporating  this  folution,  we  do 
not  obtain  cryftals  like  thofe  which  nature  prefents, 
but  refembling  leaves  or  laminae,  which  precipitate  in 
proportion  to  the  evaporation  of  the  boiling  liquor. 
According  to  M.  Bergman,  terra  ponderofa  has  more 
affinity  with  the  vitriolic  acid  than  lime  has,  and  even 
decompofes  the  felenite.    The  fixed  alkali  alfo  decom- 
pofes  this  neutral  fait.  ,  We  get  a  precipitate  of  lime, 
by  pouring  fome  cauftic  fixed  alkali  into  a  folution  of 
felenite.    If  we  evaporate  the  fupernatant  liquor,  we  get 
vitriolated  tartar  or  Glauber's  fait,  according  to  the  al- 
kali we  employ. 

The  volatile  alkali,  which  has  lefs  affinity  with  all  the 
acids  than  lime  has,  does  not  decompofe  felenite,  if  the 
felenite  be  very  pure,  and  the  volatile  alkali  employed 
very  cauftic  :  for  if  the  water  in  which  felenite  is  dif- 
fered contain  any  fair,  with  bafe  of  magnefia  or  clay, 
the  volatile  alkali  occafions  a  precipitate  from  thefe 
fubftances.    To  infure  fuccefs  in  this  experiment,  it  is  i 
requifite  to  diffolve  fome  calcareous  fpar  in  the  vitriolic 
acid,  and  to  diffolve  it  in  a  fufficient  quantity  of  diftilled 
water  ;  the  cauftic  volatile  alkali  poured  into  this  folu- 
tion, or  farther  the  alkaline  gas  being  made  to  pafc  • 
through  it,  caufes  no  precipitation. 
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Selenite  has  no  action  upon  the  perfect  vitriolic  neu- 
tral falts  ;  but  it  decompofes  the  nitrous  and  marine 
{alts  with  bale  of  either  of  the  fixed  alkalis.  Their 
mixture  forms  vitriolaced  tartar,  or  Glauber's  fait,  and 
calcareous  nitre,  or  calcareous  marine  fait.  Thefe 
decompofitions  are  perceptible  only  when  we  eva- 
porate the  liquors  into  which  they  are  converted,  be- 
caufe  the  new  falts  which  refult  remain  diffolved. 

The  aerial  tartar  is  decompofed  by  felenite.  In  this 
mixture  a  double  decompofition  and  combination  hap- 
pens. The  vitriolic  acid  leaves  the  lime,  in  order  to 
unite  with  the  fixed  alkali,  and  to  form  vitriolated  tar- 
tar. 1  he  aerial  acid,  difengaged  from  the  alkali,  unites 
with  the  lime,  and  forms  the  fait  called  chalk. 

Aerial  foda  likewife  decompofes  felenite,  and  is  de- 
compofed by  it.  In  this  mixture  fome  Glauber's  fait 
and  chalk  is  formed. 

The  aerial  ammoniacal  fait  decompofes  it  by  means 
of  a  double  affinity  ;  for  whilft  the  vitriolic  acid  attracts 
the  volatile  alkali,  the  lime  is  feparated  from  the  vitrio- 
lic by  the  aerial  acid,  with  which  it  has  a  very  great 
affinity,  forming  chalk,  which  is  precipitated.  As 
it  was  formerly  believed  that  the  concrete  volatile 
alkali,  or  aerial  ammoniacal  fait,  was  the  pure  volatile 
alkali,  hence  Geofiroy  affirmed,  that  this  fait  really  pre- 
cipitates felenite,  and  believed  that  this  alkali  had  more 
affinity  with  the  vitriolic  acid  than  lime  has. 

Selenite  is  decompofed  by  combuftible  mattes*,  and 
forms  fulphur  by  tbe  combination  of  the  phlogilton  of 
thefe  fubftances  with  the  vitriolic  acid,  according  to 
Stahl ;  or  by  the  decompofition  of  this  acid  and  the 
iubtraction  of  its  air,  according  to  the  doctrine  of  the 
moderns. 

Pure  felenite  is  almofl:  of  no  ufe.  With  the  gypfeous 
alabafter  we  make  different  moveables,  which  are  pretty 
enough. 

The  ftone  for  platter  is  one  of  the  moft  ufeful  ma- 
terials which  nature  produces.    This  (lone  is  a  mixture 
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of  fclenite  and  chalk.  When  we  expofe  it  to  the  action 
of  the  fire  in  order  to  bake  the  platter,  the  fclenite 
lofcs  the  water  of  its  cryftals,  and  the  chalk  its  acid. 
The  platter  baked  is  then  a  mixture  of  lime  and  fcle- 
nite deprived  of  its  water.  When  we  pour  water  upon 
this  fubttance,  it  rs  very  rapidly  abforbed  by  the  lime, 
and  a  heat  venules:  The  odour  of  liver  of  fulphur, 
which  the  extinftion  of  the  platter  difcovcrs,  arifes 
from  a  little  fulphur,  formed  by  the  vitriolic  acid  of  the 
felenite,  united  to  the  charry  animal  or  vegetable  mat- 
ters which  are  always  found  in  the  rtone-plafter.  This 
fulphur,  diflblved  by  lime,  forms  a  kind  of  liver  of  ful- 
phur, which  emits  the  odour  we  are  fpeaking  of.  When 
the  li  me  has  abforbed  enough  of  water  to  render  it  a 
parte,  it  envelops  the  felenite,  which,  meeting  with  a 
portion  of  this  fluid,  cryftallizes  in  the  middle  of  the 
parte.  The  lime  drying  by  degrees,  becomes,  by 
means  of  the  cryftals  of  felenite,  a  fubttance,  in  the 
form  of  a  kind  of  mortar,  which  is  called  plajler. 

From  this  theory,  we  underftand  why  the  platter 
ought  to  be  roafted  to  a  particular  degree.  If  it  be 
not  well  enough,  it  does  not  fatten  with  the  water,  be- 
caufe  the  lime  is  not  quick  enough.  If  it  be  too  much, 
the  lime  forms  with  the  felenite  a  kind  of  bad  vitreous 
frit,  which  cannot  be  united  with  water  :  this  is  the 
burnt  platter.  We  alfo  know,  that  if  the  platter  lofe 
its  quality  when  left  expoled  to  the  air,  the  lime  is  gra- 
dually flacked ;  and  we  may  reftore  its  power  by  cal- 
cining it  afrefli.  Lattly,  it  is  eafy  to  conceive  why  the 
platter  is  preferved  in  places  that  are  dry  and  warm,  and 
why  it  is  dertroyed  and  raifed  into  fcales  or  lamina;  in 
moift  places.  In  the  laft  cafe,  the  felenite,  which  is 
foluble  in  water,  gradually  lofes  its  cryrtalline  form  and 
confiftence  :  It  is  by  this  folubility  that  the  platter  dif- 
fers from  the  true  mortars  in  which  the  fand  or  ce- 
ment that  conttitutes  their  bale  fuffers  no  change  from 
water.  We  likewife  do  not  employ  the  platter  in  places 
where  there  is  water,  as  bafons,  refervoirs,  &c. 
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LECTURE  XXI. 

Species  2.    Calcareous  Nitre. 

CAlcareous  nitre,  or  the  fait  refulting  from  the 
combination  of  the  nitrous  acid  with  lime,  is  more 
rarely  found  than  calcareous  vitriol.  It  is  found  in 
thofe  places  only  where  alkaline  nitre  is  found.  It  is 
formed  upon  the  fides  of  walls,  in  places  inhabited  by 
animals;  it  exifts  in  the  mother-waters  of  nitre. 

When  it  is  cryftallized,  according  to  the  procefs  to 
be  mentioned  hereafter,  it  is  in  the  form  of  a  prifmatic 
folid  with  fix  furfaces,  greatly  refembling  nitre,  and 
terminated  by  two-fided  pyramids.  However,  it  is 
very  rarely  obtained  in  fo  regular  a  form  ;  for  the  moft 
part  it  is  in  fmall  needles,  the  form  of  which  cannot  be 
determined. 

This  fait  has  a  bitter  and  difagreeable  tafte,  in  which 
it  differs  widely  from  fclenite.  Its  tafle  has  fomething 
cooling  in  it,  refembling  that  of  nitre  ;  it  is  eafily  lique- 
fied by  fire,  and  becomes  folid  on  cooling.  If  we  carry- 
it  into  the  dark  after  it  has  been  heated,  it  appears 
luminous ;  and  in  this  ftate  conftitutes  the  pholphorus 
of  Baudouin,  Balduinus.  Put  it  upon  a  red  hot  iron,  it 
exhibits  the  fame  phenomenon ;  thrown  upon  a  burn- 
ing coal,  it  fufes  and  detonates  {lowly  :  If  it  be  heated 
for  fome  confiderable  time,  it  lofes  its  acid  which  is  de- 
compofed.  When  this  is  done  in  a  retort,  with  its  neck 
plunged  under  a  veffel  full  of  water,  we  obtains  con- 
fiderable quantity  of  very  pure  dephiogitticated  air,  and 
toward  the  end  fome  aerial  acid.  This  decompofition 
of  the  nitrous  acid  into  pure  air  and  aerial  acid,  is  ab- 
folutely  fimilar  to  what  happens  in  the  diftillation  of  al- 
kaline nitre  by  itfelf,  as  was  taken  notice  of  in  the  hi- 
llory  of  this  neutral  fait. 

Calcareous  nitre  very  quickly  attracts  the  humidity 
of  the  air ;  it  is  therefore  neceffary  to  keep  it  in  clofe 
veffels  to  preferve  its  cry ftals. 

This  fait  is  very  foluble  in  water :  it  requires  only 
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two  parts  of  cold  water,  for  folution,  to  diflblve  one  of  if 
boding  water  diflolves  more  than  its  weight.  To  ob' 
tain  it  in  a  cryftallized  ftate,  we  mull  evaporate  a  folu< 
tion  of  it ;  and  when  it  has  acquired  a  confifteiice  fome- 
what  lefs  thick  than  that  of  fyrup,  it  muft  be  fet  in  a 
place  that  is  cool.  Prifmatic  cryftals,  confiderably  lon? 
are  afterwards  formed,  which  generally  are  in  bundles' 
whole  needles  diverge  from  a  common  centre.  A  folu- 
tion of  calcareous  nitre,  not  fo  much  evaporated  as  the 
preceding  expofed  to  a  dry  and  warm  temperature 
at  length  forms  regular  prifms,  fimilar  to  thofe  defcribed 
at  the  beginning  of  this  article. 

Sand  and  clay  decompofe  it,  and  feparate  its  acid. 
The  aclion  of  magnefia  on  this  fait  has  not  been  ex- 
amined.   According  to  M.  Bergman,  the  terra  ponde- 
rofa  decompofes  if  as  it  does  felenite.    M.  de  Morveau 
has  obferved  {Journal  de  Phyftque,  tome  xvii.  p.  224. 
top.  227),  that  lime-water,  poured  into  a  folution  of 
calcareous  nirre,  zaufes  a  precipitation.    He  afcribes 
this  efTeft  to  the  phlogillon  of  the  quicklime;  and  thinks 
that  this  laft  has  more  affinity  with  the  nitrous  acid  than 
the  lime  previoufly  united  with  it  has,  which  the  add 
has  already  robbed  of  its  phlogifton.    Unhappily  this 
chemift  has  not  examined  the  nature  of  this  precipi- 
tate;, an  examination  would  probably  have  furnifhed 
fome  light  upon  this  fihgular  experiment.  M.  Beaume' 
has  already  obferved,  that  a  folution  of  calcareous  fpar 
in  the  nitrous  acid,  is  precipitated  by  lime-water  ;  but 
he  afcribed  this  phenomenon  to  a  fmall  quantity  of  ar- 
gillaceous earth.    (Chimie  Exterim.  et  Raifon.  tome  I. 
p.  286.)  J 

The  fixed  alkalis  alfo  attract  its  acid,  and  precipitate 
the  lime  ;  very  pure  cauftic  volatile  alkali  does  not  de- 
compofe it  more  than  it  does  felenite. 

The  vitriolic  acid  difengages  the  nitrous  from  it  with  ' 
effervefcence.    The  nitrous  acid  thus  difengaged,  may 
be  obtained  in  the  fame  manner'  as  from  ordinary  pure 
nitre.    Spirit  of  vitriol  poured  into  a  folution  of  calca- 
reous 
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reous  nitre,  inftantly  occafions  a  precipitate  of  felenite. 
We  are  not  acquainted  with  the  aftion  of  the  other 

acids  upon  this  fait,  .  .  . 

Calcareous  nitre  decompofes  the  vitriolic  neutral 
falts ;  hence  fome  felenite,  and  forae  ordinary  nitre,  or 
rhomboidal  nitre,  is  formed.  The  fame  thing  happens 
to  vitriolic  ammoniac;  which,  when  mixed  with  a  folu- 
tion  of  calcareous  nitre,  forms  fome  nitrous  ammoniac 
and  felenite.  This  laft  fubftance,  which  is  only  very 
little  foluble,  inftantly  precipitating  from  the  mixture, 
leaves  no  doubt  of  thefe  double  decompofitions.  Aerial 
tartar  likewife  decompofes  calcareous  nitre,  which  at 
the  fame  time  feparates  its  principles  ;  and  there  refults 
from  the  mixture  fome  nitre  and  chalk.  Aerial  foda, 
whofe  a&ion  upon  calcareous  nitre  is  the  fame,  pro- 
duces cubic  nitre  and  chalk.  Aerial  fal  ammoniac 
likewife  decompofes  this  fait  by  means  of  the  double 
affinity  :  from  this  mixture  we  get  fome  nitrous  am- 
moniac and  chalk  (a).  Selenite  does  not  change  cal- 
careous nitre ;  but  when  thefe  two  falts  are  difTolved  in 
the  fame  water,  as  the  firft  is  but  little  foluble,  and  the 
fecond  very  foluble,  we  may  feparate  them  by  crystal- 
lization. The  felenite  is  foon  after  precipitated,  and 
the  calcareous  nitre  cryflallizes  when  the  liquor,  after 
being  much  evaporated,  cools. 

Calcareous  nitre  is  of  no  ufe. 

Species  3.  Calcareous  marine  Salt.  / 

Calcareous  marine  fait,  formed  by  the  combina- 
tion of  the  marine  acid  with  lime,  is  very  abundant  in 
all  thofe  places  where  true  marine  fait  is  found,  and  par- 
ticularly in  the  waters  of  the  fea,  to  which  it  gives  the 
acrid  and  bitter  tafte,  which  was  on  that  account  formerly 
fuppoled  to  be  owing  to  a  bit.um.en  in  thefe  waters :  But 

If  4  it 

(«)  It  cannot  be  too  often  repeated,  that  thefe  double  decompo- 
fition*  are  owing  to  the  great  affinity  which  fubfifts  between  lime 
and  the  aerial  acid  ;  and  that  this  affinity  more  and  more  authc  rifes 
the  denomination  of  chalky  acid,  given  to  fixed  air  by  M.  liucquci. 
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it  is  never  pure  in  thefe fluids;  it  is  always  mixed  with 
tome  marine  fait  with  bafe  of  magnena.    If  we\v  n 
then  to  have  very  pure  calcareous  marine  fait,  we 3 
<hreaiy  combine  the  marine  acid  with  lime.  1  oat  be, 
:mproperly  called/**/,,  ammonulc,  becaufe  ^™ 
after  the  decompofit.on  of  fal  ammoniac  by  means  of 

This  fait   when  in  a  dry  and  folid  Rate,  is  in  the 
orm  of  pnfms,  with  four  ftriated- furfaces,  termina  ted 
by  very  acute  pyramids.  It  has  a  fait  and  very  difa^ree- 
able  b.tter  tafte.    Expofed  to  a  gentle  fire,  it  BqS£ 
by  means  of  the  water  of  its  cryftals,  and  f£ by 

tion  gM  B  "h  a 'irKrg  ?  fuffcrs  M  no  altcr^ 
p  Bea;;«'e  obferved  that  it  did  not  lofe  its  acid. 

Put  upon  a  red  hot  fliovel,  it  becomes  luminous:  which 
is  the  reafon  of  its  name  of  Members  phofphorul  Cal- 
carcous  marine  fait,  which  remains  in  the  retort  after 
he  decomposition  of  fal  ammoniac  by  lime,  is  fufed  in- 
to  a  kind  of  frit,  of  a  Kghtifl,  grey  flaty  appearance, 
and  without  the  acid  being  driven  off,  although  we 
fhould  make  the  heat  capable  of  fufing  the  furface  of ' 
the  retort   This  frit  ftrikes  fire  with  ft  eel ;  and  rubbed 
m  the  dark  with  fteel,  it  exhibits  phofphoric  fparks  (b\ 
■  Calcareous  marine  fait  expofed,  to  the  aftion  of  the 
air,  readly  attracts  humidity,  and  entirelv  falls  into  de- 
liquium.    It  is  neceffary  to  keep  it  in  a  dole  veffel  if 
we  want  to  preferve  it  in  its  cryftalline  form. 

It  is  very  foluble  in  water,  requiring  only  about  il 
parts  of  this  fluid  cold  to  diffolve  one  of  the  fait.  Hot 
water  diffolves  more  than  its  own  weight.    When  a 

fo-  . 

(*}  It  id  neceffary  to  obferve,  that- calcareous  marine  fait,  which 
remams  after  the  decompoGtion  of  fal  ammoniac  bv  means  of  lime, 
generally  contains  a  portion*  of  this  laft  fubltance  not  faturatcd  •  be- 

Jh\  ?  rVl™;*  CmwPlTd  th?n  Wh3t  is  neCefFary  to  decompofe 
the  fait.  This  fuperabundant  quantity  of  lime  undoubtedly  occa- 
fions  the  property  ,n  the  refiduum  of  giving  a  glafiy  frit,  which  be- 
fides  is  altered  and  mo.ftened  through  time  when  expofed  to  the 
a.r.  Ca  careous  marine  fait,  without  excefs  of  lime,  never  affume. 
10  much  hardnefs  by  the  aihoa  of  the  fire  as  this  refiduum  has. 


CHEMISTRY. 


folution  of  it  is  evaporated  almofl:  to  the  confidence  of 
a  fyrup,  and  afterwards  left  to  cool  flowly,  we  obtain 
cryftals  in  three-fided  prifms  feveral  inches  long',  as  if 
in  the  form  of  fo  many  rays  coming  from  a  common 
centre ;  a  form  which  all  the  calcareous  falts  conflantly 
feem  to  affume.  If  the  liquor  be  very  much  evaporated, 
and  very  haftily  cooled,  it  turns  into  a  fhapelefs  mafs,  ha- 
ving the  appearance  of  needles  at  itsfurface.  A  folution 
of  this  fait,  evaporated  to  about  45  degrees  ofBeaume's 
areometer,  and  expofed  to  the  cold,  depofites  very  re- 
gular and  very  thick  prifms.  Terra  ponderofa  decom-. 
pofes  this  fait,  becaufe,  according  to  the  experiments  of 
M.  Bergman,  it  has  more  affinity  with  the  marine  acid 
than  lime  has.  Lime  and  magnefia  do  not  alter  it. 
The  fixed  alkalis  precipitate  the  lime  from  it.  If  the 
two  liquors  are  concentrated,  the  lime,  abforbing  the 
Jittle  water  they  contain,  almoft  inftantly  forms  a  gelly, 
which  very  foon  becomes  folfd.  We  may  call  this  ex- 
periment a  chemical  miracle,  becaufe  it  exhibits  two  fluids, 
which  fuddenly  pafs  in  the  ftate  of  a  folid. 

Very  pure  volatile  alkali  does  not  decompofe  it. 

The  vitriolic  and  nitrous  acids  difengage  its  acid  with 
eftervefcence ;  and  with  a  diftilling  apparatus  we  might 
obtain  it  as  we  do  from  ordinary  marine  fait.  The 
diftillation  of  this  earthy  fait  with  the  nitrous  acid,  gives 
aqua  regia,  in  confequence  of  the  volatility  of  thefe  two 
acids. 

This  fait  decomposes  vitriolated  tartar  and  Glauber's 
fait.  ^  We  may  eafily  afcertain  this  fact,  by  mixing  the 
folutions  of  thefe  different  falts ;  for  a  precipitate  in- 
ftantly happens,  which  we  know  to  be  felenite.  The 
fupernatant  liquor  contains  fome  febrifugal  fait,  or 
marine  fait,  which  we  may  obtain  by  evaporation. 

Aerial  tartar  and  foda  likewife  decompofe  this  fait. 
With  refpect  to  the  aerial  ammoniac,  it  only  decom- 
poses it  by  means  of  the  double  affinity,  as  has  been  ex- 
plained in  the  articles  of  Selenite  and  Calcareous  Nitre. 
In  thefe  three  decompofitions,  we  get  always  fome 

chalk 
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chalk,  and  febrifuge,  common,  or  marine  ammoniacal 
fa  Its,  ^cording  to  the  neutral  fait  employed  for  precipi- 
tation. IhiS  fait,  diffolvcd  in  water  with  calcareous  nitre 
is  difficult  of  reparation;  becaufe  the  law  of  their  cuyftal- 
hzation  is  the  fame  :  but  we  know  very  well  that  if 
it  were  diflblved  along  with  felenite,  it  might  be  eafily 
obtained  feparately;  becaufe  this  laft  fait,  only  cryftal- 
hzing  by  evaporation,  would  leave  the  calcareous  ma- 
rme  fait,  pure,  which  cryftaUizes  by  cooling.  It  is  of 
importance  to  make  this  remark,  becaufe  thefe  two 
falts  are  frequently  found  diflblved  in  the  fame  mine- 
ral  water.  ' 

Calcareous  marine  fait  is  of  no  ufe. 

As  it  exifts  in  very  great  quantity  in  the  fait  of  the 
Gabelle,  which  is  recommended  as  a  purgative  and  de- 
obftruent  in  fchrophulous  cafes,  we  may  fufpect  that 
the  latter  owes  a  part  of  its  properties  to  the  calcareous 
marine  fait. 

Species  4.  Calcareous  Borax. 

We  may  give  this  name  to  the  combination  of 
the  fedative  fait  with  lime.    This  fait  has  not  been 
at  all  examined,  although  it  be  certain  that  fedative 
fait  is  capable  of  uniting  with  lime,  fince,  as  we  have 
'  already  mentioned,,  this  laft  decompofes  borax.  The 
chemifts  of  the  academy  of  Dijon  have  obferved,  that 
the  fedative  fait*  mixed  with  flacked  lime,  and  expofed 
to  the  fire,  gave  a  matter  weakly  agglutinated,  and 
not  adhering  to  the  crucible.    This  matter,  thrown  in- 
to water,  does  not  exhibit  the  phenomena  of  lime, 
which  proves  that  there  is  a  true  combination.  M. 
Beaume  fays,  that  he  faturated  lime-water  with  fedative 
fait.    This  liquor,  'evaporated  by  means  of  the  air,  did 
not  afford  cryftals,  but  yellow  pellicles,  which  had  a 
weak  tafte  of  fedative  fait.     The  academicians  of 
Dijon  likewife  digefted  a  faturated  folution  of  feda- 
tive fait,  upon  lime  flacked  by  the  air  in  a  fand-bath. 

I  This 
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This  folution,  filtrated,  gave  a  white  and  copious  pre- 
cipitate by  means  of  the  fixed  alkali. 

Thefe  different  experiments  mow  only  the  folubility 
of  lime  by  the  acid  of  borax,  and  difcover  nothing  about 
,  the  properties  of  the  neutral  fait  refulting  from  this 
combination. 

Species  5.  Sparry  Flour,  Vitreous  Spar, 

This  kind  of  fait  is  a  combination  of  the  fparry  acid 
with  lime.  There  is  great  abundance  of  it  in  nature. 
We  find  it  particularly  in  the  environs  of  mines,  of 
which  it  is  an  indication.  To  the  prefent  time  it  has 
been  regarded  as  a  ftony  matter.  Before  M.  Scheele's 
difc'overy,  the  vitreous  fpar,  though  well  diftinguilhed 
by  miners  from  all  the  other  mineral  fubftances,  on 
account  of  its  fufibility,  had  been  confounded  by  na- 
turalifts  either  with  the  gypfums,  calcareous  fpars,  or 
with  the  heavy  fpars,  which  we  have  alfo  called  fufible. 
The  celebrated  Margraaf  had,  however,  diftinguilhed 
this  fait  from  the  heavy  fpar,  by  adopting,  for  the  firft:, 
the  name  of  vitreous  fufible  fpar,  and  for  the  fecond, 
that  of  phofphoric  fufible  [par  ;  and  we  ought  to  pay  this 
chemift  the  honour  of  the  firft  difcoveries  made  about 
the  properties  of  vitreous  fpar. 

This  fait  is  generally  in  the  form  of  cubic  cryftals, 
of  different  colours,  very  regular,  of  an  icy  and  vitre- 
ous tranfparency. 

It  is  broken  by  the  ftroke  of  fteel.  It  is  always  found 
in  mines,  and  commonly  ferves  for  their  matrix.  Some- 
times it  is  opaque  and  in  irregular  maffes.  It  poffeffes  a 
more  considerable  weight  than  any  of  the  faline  mat- 
ters which  we  have  hitherto  examined.  We  diflin- 
gui(h  nine  varieties  of  this  fubftance  prefented  to  us  by 
nature. 

Varieties. 

1 .  Cubic  vitreous  fpar,  white  and  tranfparent. 

2*  ~  white  and  opaque. 

3:  "" — "  " —  yellow  ;  falfe  topaz. 

4« 
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Varieties. 

4.  Cubic  vitreous  fpar,  reddifh  ;  falfe  ruby. 
5'  1  pale  green;  a  falfe  marine 

precious  ftone. 

6-  *         —  ■  green ;  falfe  emerald. 

J"   violet ;  falfe  amethyfte. 

8.  Vitreous  oclaedral  fpar,  with  truncated  pyramids. 
I  am  in  poffeffion  of  a  cryrtal  of  this  kind,  which 

is  femitranfparent  and  a  little  blackifh. 

9.  Vitreous  fpar,  in  a  lump.  It  is  for  the  mod  part 

of  a  clear  green,  or  violet  colour.    It  forms 

the  matrix  of  feveral  mines. 
Thefe  different  varieties  of  vitreous  fpar,  for  the  mod 
part,  are  but  one  and  the  fame  faline  fubftance ;  that 
is,  a  combination  of  the  fparry  acid  with  lime:  how. 
ever,  as  they  are  formed  by  nature,  we  generally  find 
amongfl  them,  after  a  complete  analyfis,  feveral  foreign 
matters;  as  fome  quartz,  clay,  and  iron.  In  general  this 
is  the  character  of  the  natural  production. 

The  vitreous  fpar,  expofed  to  a  gentle  fire,  acquires 
a  very  remarkable  phofphoric  property;  but  if  it  be  heat- 
ed to  a  red  heat,  it  lofes  it  entirely.  The  colour  of  the 
green  vitreous  fpar  is  alfo  diffipated;  it  becomes  white 
and  friable  :  if  we  heat  it  brifkly  it  decrepitates,  but 
lefs  than  marine  fait.  A  ftrong  heat  fufes  it  into  a  tranf- 
parent  glafs. 

It  is  not  alterable  by  the  air,  nor  foluble  in  water. 
It  ferves  as  a  flux  to  the  earthy  and  the  faline  earthy 
fubftances. 

According  to  M.  Bergman,  the  pure  fixed  alkalis 
cannot  decompofe  it,  on  account  of  the  lime's  greater 
affinity  with  its  acid  than  that  of  the  alkalis.  Oil  of 
vitriol  difengages  the  fparry  acid ;  and  this  is  the  pro- 
cefs  ufually  employed  to  obtain  it.  Into  a  glafs  retort, 
we  put  one  part  of  vitreous  fpar  in  powder  with  three 
parts  of  oil  of  vitriol;  the  mixture  grows  gradually 
warm,  an  effervefcence  is  produced,  and  fparry  acid 
vapours  are  difengaged.  This  diftiliation  is  carried  on 
without  the  aid  of  external  heat;  and  a  white  fubftance 
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like  flowers,  depofited  by  the  fparry  gas,  is  fublimed 
into  the  recipient.  It  we  apply  fire,  we  obtain  the 
fparry  acid  concentrated,  which  is  covered  with  an 
earthy  pellicle,  thick,  and  fimilar  to  the  white  efflo- 
reicence  jull  now  mentioned.  We  may  obtain  this  acid 
in  the  form  of  gas,  by  plunging  the  neck  of  the  retort 
into  a  veffcl  full  of  mercury.  This  aeriform  acid  is 
tranfparent,  and  does  not  precipitate  the  earth  which 
is  united  with  it,  but  when  it  comes  into  contact  with 
water. 

From  this  we  know  why  the  liquid  fparry  acid  de- 
pofites  ftony  crufts  in  the  receiver,  fince  it  cannot  hold 
them  diffolved,  whenever  it  combines  with  water.  This 
acid  may  be  received  into  a  veffel  full  of  water:  it  is 
completely  feparated  from  all  its  earth,  and  forms  a 
much  thicker  cruft.  When  the  diftillation  is  over,  we 
obferve  the  refiduum  to  be  hard,  white  or  reddifh,  in 
plates,  and  the  retort  is  very  perceptibly  hollowed  or 
corroded.  This  obfervation  has  not  efcaped  M.  Mar- 
graaf  and  M.  Scheele  and  Boulanger.  Mod  of  the  che- 
mifts  alfo  who  have  repeated  their  experiments,  have 
had  occafion  to  obferve  this  phenomenon.  If  we  exa- 
mine the  nature  of  the  refiduum,  we  find  it  to  confift 
of  felenite  mixed  with  a  little  quartz,  often  with  clay 
and  a  little  magnefia.  Thefe  two  laft  fubftances,  as 
well  as  iron,  appear  to  be  accidental  only.  The  cruft 
depofited  by  the  fparry  acid  is  of  a  quartzy  nature ;  for 
it  is  neither  foluble  in  the  acids  nor  fufible,  and  the 
fixed  alkalis  form  with  it  a  white  and  durable  glafs. 

The  nitrous  acid  too  decompofes  the  fparry  fluor, 
but  exhibits  very  different  phenomena.  According  to 
M.  Boulanger,  we  do  not  obferve  the  cruft  in  this  ope- 
ration, as  in  that  with  the  oil  of  vitriol. 

According  to  M.  Scheele,  the  marine  acid  like  wife 
feparates  the  fparry  acid.  We  do  not  yet  know  the 
action  of  the  greateft  part  of  the  neutral  falts  upon  the 
vitreous  fpar ;  we  only  know  that  the  aerial  tartar  and 
foda  decompofe  it  by  means  of  double  affinity,  whilft 

the 
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the  cauflic  fixed  alkalis  do  not  decompofe  It  (c)  tf 
we  fufe  one  part  of  this  (par  with  four  of  aerial  tartar 
and  put  this  mixture  in  fufion  into  water,  we  get  a  preci-' 
pitate  of  chalk,  formed  by  the  union  of  the  aerial  acid 
with  the  lime  of  the  fpar,  and  the  fluid  contains  fome 
Iparry  tartar,  which  may  be  got  in  the  confidence  of  a 
jelly  by  evaporation.  This  procefs,  repeated  with  aerial 
foda,  furnifhes  chalk  and  fparry  foda,  which  may  be 
obtained  cryftallized  by  evaporation. 

The  vitreous  fpar  is  of  no  ufe,  except  in  fome  coun- 
tries  abounding  in  mines,  where  it  is  ufed  as  an  excel- 
lent  flux. 

Species  6.  Calcareous  Spar  ;  calcareous  matters  in  general. 
Calcareous  fpar  is  a  neutral  fait,  formed  by  thej  ] 

com- 

(c)  It  were  much  to  be  wifhed,  that  the  analyfis  of  the  fluorfpar  had 
been  fo  complete,  as  to  afcertain  with  accuracy  the  nature  of  thofe 
properties  which  have  of  late  fo  much  engaged  the  public  notice**! 
We  know  that  it  is  a  compound  fubftance,  and  that  the  acid  which 
it  contains  is  capable  of  difTolving  filiceous  earth  ;  though  it  full 
remains  a  matter  of  doubt,  and  mull  be  determined  by  experiment, 
whether  or  not  the  vapour  of  the  fparry  acid  be  adlually  converted 
into  folid  flint  upon  meeting  the  vapour  of  water.    In  the  diftilla-:J 
tion  of  the  acid  in  a  glafs  retort,  there  is  fome  flint  conftantly  found 
in  the  water  of  the  receiver  ;  an  appearance  which  many  chemifts 
are  inclined  to  afcribe  to  the  corrofion  of  the  gbfs.    It  is  indeed 
certain,  that  the  fparry  acid  does  in  fome  meafure  rliffblve  the  flint 
which  enters  into  the  compofition  of  the  glafs,  which  it  afterwards 
depofits  in  confequence  of  its  fuperior  attraction  for  the  water. 
There  are,  however,  fome  circumftances  which  tend  to  favour  the 
oppofite  opinion  :  If,  for  example,  the  receiver  be  filled  with  fpirit 
of  wine  inftead  of  water,  there  is  no  formation  of  filiceous  eartht 
Befides,  the  acid  may  be  diftilled,  and  filiceous  earth  generated, 
with  a  heat  too  gentle  to  corrode  the  glafs  :  And  even  in  thofe 
cafes  where  the  glafs  is  corroded  in  the  diftillation,  the  quantity  of 
flint  produced  does  not  correfpond  to  the  lofs  of  weight  which  the 
glafs  has  fuftained  by  the  erofioh.    The  filiceous  earth  collected 
in  the  receiver  weighs  much  more  than  it  fhould  have  done  accord- 
ing to  this  fuppofition.    It  has  alfo  been  fcflerted  by  fome  chemifts» 
th3t  the  filiceous  earth  is  produced  when  the  dill  illation  has  been 
conducted  in  fuch  metallic  veffds  as  the  vitriolic  acid  does  not  at- 
tack.   Such  is  the  prefent  ftate  of  our  knowledge  with  regard  to 
this  very  curious  fubftance. 
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combination  of  the  aerial  acid  with  lime.  This  fub- 
ftance has  been  placed  amongft  the  number  of  the 
ftones  by  the  naturalifts,  becaufe  they  had  not  perceived 
in  it  any  faline  property.  However,  we  will  find  that 
it  has  a  tafte;  folubility,  and  fufibility  ;  that  it  can  be 
decompofed  ;  and  that  in  its  analyfis  it  furnifhes  a  great 
quantity  of  aerial  acid,  and  the  faline  earthy  fubftance, 
lime,  already  underflood.  As  the  calcareous  fpar  is 
the  laft  modification  of  a  fubftance  very  varied  in  its 
form,  which  paries  through  many  different  ftates  before 
being  cryftallized  regularly,  it  is  necefTary  to  confider 
the  calcareous  fubftances  in  general. 

No  part  of  natural  hiftory  prefents  a  wider  field  for 
fpeculation,  or  a  more  complete  collection  of  pofitive 
evidences,  than  that  of  the  calcareous  fubftances.  Long 
obfervation,  which  has  never  belied  itfelf,  and  particu- 
larly the  opportunity  of  following  the  operations  of  na- 
ture ftep  by  flep  in  the  formation  of  thefe  fubftances, 
have  taught  us,  that  the  bofom  of  the  fea  is  the  labora- 
tory where  they  are  perpetually  forming.  Amongfl  the 
great  number  of  animals  which  thofe  immenfe  collec- 
tions of  water  nourifh,  there  are  feveral  clafles,  the  in- 
dividuals of  which,  multiplied  almoft  to  infinity,  feeni 
deftined  to  add  to  the  mafs  of  our  globe :  Thefe  are, 
the  fhell-fifhes,  the  madrepores,  the  lithophites  ;  the 
folid  parts  of  which,  examined  chemically  fome  time 
after  they  have  ceafed  to  live,  (how  all  the  characters  of 
calcareous  fubftances.  It  is  the  bafe  of  that  kind  of  ma- 
rine fteletons  which  produces,  by  their  fucceflive  heaps, 
mountains  entirely  formed  of  thefe  fubftances.  Al- 
though there  be  a  wide  difference  between  the  natural 
ftate  of  thefe  animated  fubftances,  and  the  cryftallization 
of  calcareous  fpar  ;  although  it  be  difficult  at  firft  fight 
to  perceive  the  aftonifhing  difference  that  fubfifts  be- 
tween the  foft  and  pulpy  fubftance  of  thofe  animals 
when  alive,  and  the  hardnefs  of  thefe  ftony  matters 
which  they  form  with  time,  and  which  are  defigned  to 
impart  lohdity  to  Jailing  buildings ;  it  is,  however, 
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pofllble  to  form  an  idea  of  the  varieties  of  alteration 
tough  which  they  pais,  fo  as  to  be  cpniounded  with 
mineral  bodies.  From  the  following  demonftration, 
we  may  trace  thole  gradations  from  the  time  of  rhJ 
aftmg  animal  organization,  to  the  regular  depofition, 
which  gradually  forms  the  tranfparent  fpar. 

The  waters  of  the  fea,  in  poizing  themfelves  accord- 
ing  to  the  laws  of  a  motion,  with  which  we  are  as  yet 
unacquainted,  are  imperceptibly  difplaced,  and  change 
their  bed.  This  fact  is  demonftrated  in  the  learned 
theory  of  the' earth,  by  M.  le  Comte  de  BufTon.  As 
the  waters  quit  a  part  of  their  bed,  they  expofe  to  view 
the  grounds  on  which  their  varied  motions,  fo  well  ex- 
plained by  the  celebrated  man  we  have  juft  now  men- 
tioned, have  formed  beds  by  the  fuccttfive  depofition 
of  folid  particles,  or  the  fkeletons  of  fea- animals.  Thefe 
beds  are  almoft  entirely  filled  with  fhells  ;  the  putre- 
faction of  which  very  foon  deftroys  the  animal-gluten, 
and  afterwards  having  loft  their  colours,  the  polifh  of 
their  internal  furface,  and  particularly  their  confidence, 
they  become  friable,  earthy,  and  pafs  into  the  ftate  of 
fofliJs.  Hence  the  produ&ion  of  the  (hell-earths,  and 
ftones  of  the  fame,  nature. 

Ihefe  {tones,  being  wafted  by  the  rains',  gradually 
lofe  the  organic  form,  become  friable,  and  very  foon 
form  a  fubftance,  in  grains  very  little,  adhering,  called 
chalk.  When  a  fhell-ftone  has  acquired  enough  of 
hardnefs  to  be  fufceptible  of  polifh,  and  when  thelhells 
which  compofe  it  have  put  on  different  colours,  pre- 
ferving  their  organization,  it  then  conftitutes  the  luma- 
chelles.  '  If  the  organization  is  deftroyed,  if  the  flone 
is  hard  and  fufceptible  of  polifh,  we  give  it  the  name  of 
marble.  The  water  which  is  charged  with  chalk,  de- 
pofites  it  on  ail  the  bodies  over  which  it  runs,  and  forms 
incruftations.  When  it  is  filtrated  through  the  vaults 
of  fubterranean  cavities,  it  lets  fall  white  and  opaque 
depofitions,  formed  of  concentric  layers,  refembling 
pendulous  conical  mattes.    Thefe  are  the  ftala&ites. 

i  If 
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If  thefe  laft,  reunited  into  a  great  mafs,  and  filling 
caverns,  remain  for  a  long  time  in  the  earth,  they 
acquire  a  confiderable  hardnefs,  and  give  rife  to  ala- 
balter.    Laftly,  when  the  water,  which  holds  a  very 
fine  and  attenuated  chalk  in  folution,  ilowly  pene- 
trates the  ftony  cavities,  it  will  depofite  this  fubftance, 
molecules  on  molecules;  and  thefe  final  1  bodies,  ap- 
proaching one  another  with  the  furfaces  which  will 
fuit  beft,  will  affume  a  fymmetrical  and  regular  ar- 
rangement, and  form  hard  transparent  cryftals,  refem- 
bling  thofe  of  the  faline  fubftances.    We  call  thefe  caU 
canons  fpars.    This,  then,  is  the  laft  degree  of  attenu- 
ation of  the  chalk,  the  ftate  in  which  it  is  the  mod 
diftant  from  animal  origin,  and-  in  which  it  molt  re- 
fembles  a  true  fait. 

Thefe  tranfmutations  of  the  calcareous  fubftances,  fo 
various  and  fo  numerous,  the  confideration  of  which 
furniflies  to  the  naturalift  fuch  extenfive  views  upon  the 
antiquity  of  the  globe,  its  alterations,  and  the  ceconomy 
of  the  animal  kingdom,  which,  conftitutes  a  great  part 
of  its  mafs,  exhibit  to  the  chemift's  eyes  one  fingle  fub- 
flance only,  always  like  itfelf,  a  fingle  individual  and 
neutral  fait,  formed  of  lime  and  the  aerial  acid.  We 
go  on  to  confider  it  under  this  double  point  of  view. 

§  1.  Natural  hijlory  of  the  Calcareous  Subftances. 

Before  we  enter  into  a  detail  of  the  calcareous  fub- 
ftances, it  is  proper  to  take  a  general  view  of  their  dif- 
pofition  in  the  globe.  Thefe  fubftances  form  beds 
more  or  lefs  extenfive,  horizontal  or  inclined,  which 
evidently  retain  an  impreffion  from  the  action  or  the 
waters.  Thofe  beds  compofe  entire  mountains  and  val- 
leys, forming  a  great  part  of  the  outfide  of  the  globe  : 
They  mow  that  the  waters  of  the  fea  have  covered  our 
globe,  and  depofited  on  it  an  immenfe  quantity  of  the 
fpoils  of  its  inhabitants.  The  rains,  in  filtrating  through 
thefe  calcareous  mattes,  and  carrying  off  portions  of 
them,  feem  to  diftribute  them  more  deeply  in  the  cavi- 
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ties^under  the  different  forms  we  are  going  to  examine. 
Their  general  chancers  given  by  the  naturalifts,  and 
which  are  very  proper  to  diflinguilh  them,  are  thefe, 
that  they  do  not  ftrike  fire  with  fteel,  and  that  they  effer- 
vefce  with  the  acids.  After  what  we  have  faid,  as  the 
form  of  thefe  calcareous  fubftances  is  very  various,  k 
is  indifpenfable  to  divide  them  into  feveral  genera,  'of 
thefe  we  admit  fix  (a). 

Genus  I.    Shelly  Earths  and  Stones. 

These  fubftances  have  been  arranged  among  the 
ftones,  becaufe  they  have  neither  a  perceptible  tafte 
nor  apparent  fallibility  5  but  their  analyfis  demonftrates 
that  they  are  truly  faline,  as  well  as  all  the  other  fubfe- 
quent  genera  (b).  We  know  them  by  the  organic 
form.  Frequently  tiie  (hells  are  even  quite  entire,  and 
the  (tone  is  only  a  heap  of  thefe  organized  bodies; 
fometitnes  they  have  pidetved  even  a  part  of  their  co- 
lours. It  alfo  happens  that  animals  are  found,  to  which 
there  are  none  alive  analogous,  in  the  heart  of  thefeas, 
fuch  as  feveral  kinds  of  cornua  Ammonis.  On  the 
contrary,  there  are  mells  in  Europe  and  in  France,  of 
which  we  know  the  analogous  individuals  in  America. 
Some  naturalifts  have  made  very  extenfive  divifions  of 
the  foffil  (hells ;  but  as  they  are  fimilar  to  thofe  of  thefe 
living  animals,  we  will  treat  of  them  elfewhere. 

Several  other  animal  fubftances  are  alfo  found  among 
the  calcareous  earths.    When  they  evidently  appear  to 

have 

(#)  It  will  perhaps  be  aftonifhing  to  find  new  divifions  of  genera 
in  the  hiftory  of  one  fpecies  of  fait ;  but  we  mutt  obferve,  that  thofe 
genera  are  only  relative  to  natural  hiftory,  and  that  in  reality  they 
inuft  all  be  referred  to  the  fpecies  of  neutral  fait,  of  which  we  are 
going  to  examine  the  chemical  properties. 

(!')  Although  thefe  fubftances  are  really  faline,  the  name  of 
earths  and  o$ Jion&s  ought  to  be  fcrupuloufly  obfcrved  ;  becaufe,  a» 
M.  Daubenton  has  faid,  the  names  are  a  public  foundation  which 
are  not  allowed  to  be  altered.  If  all  the  philofophers  had  the  fame 
caution  with  thia  learned  naturalift,  they  would  not  terrify  the  ftu- 
dents,  as  they  often  do,  with  the  frightful  apparatus  of  a  nomen* 
claturc. 
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nave  pertained  to  the  known  animals,  we  then  give  them 
a  name  relative  to  their  origin,  and  generally  formed 
from  that  of  the  clafs  of  animals  to  which  they  apper- 
tain, by  adding  a  word  which  defigns  their  ftony  flate^; 
fuch  is  that  of  the  madrepores. 

Sometimes  we  are  ignorant  of  the  origin  of  thefe  fub- 
ftances ;  then  we  give  them  particular  names,  taken 
from  their  form  !  Such  are  the  Jewifn  ftones,  which 
fome  perfons  have  fuppoied  to  be  fpines  of  the  fea- 
urchin  ;  the  numifmal  (tones, 'or  farthings  of  St  Pierre, 
refembling  pieces  of  money,  and  feeming  to  be  only  final  1 
cornua  Ammonis  adhering  to  one  another ;  the  foflii 
bezoar,  a  kind  of  round  mafs,  formed  of  concentric 
layers  ;  the  ludus  Helmontii,  the  holes  of  which  feem  to 
have  been  formed  by  the  extraction  and  exficcation  of 
an  earthy  foft  matter,  and  to  have  been  filled  up  with 
calcareous  earth ;  the  trochites,  entroques  or  afteriae, 
which  come  from  a  zoophyte  called  fea-palm  ;  the 
pifolites,  oolites  or  meconites,  which  are  fuppofed  to 
be  petrified  eggs  of  fifties  or  of  infe&s ;  but  the  true  ori- 
gin of  which  is  unknown.  It  has  been  ufual  to  refer  alfo 
to  this  kind  of  truly  calcareous  ftones,  all  the  petrified 
fubftances  from  fome  animals  to  which  they  may  have 
belonged  ;  and  hence  have  arifen  the  names  of  gamma- 
rolites,  cancrites,  entomoiites,  idhyolites,  amphibiolites,  or- 
nitbolitesy  zoolites,  antropolites.  But  fince  the  new  dif- 
coveries  upon  the  bones,  it  appears  that  thefe  fubftances 
are  not  wholly  compofed  of  chalk.  We  will  fpeak  of 
them  in  the  mineral  kindom.  It  is  the  fame  with  re- 
fpeft  to  the  gloffopetras,  or  petrified  marks  teeth  ; 
the  ivory,  or  foflii  unicorn,  which  is  formed  from  the 
teeth  of  elephants ;  the  turquoifes,  or  the  green  and 
blue  coloured  bones ;  the  toad-ftones,  grey  or  yellow 
and  hollowed  ftones,  which,  according  to  M.  Juflieu, 
are  tops  of  the  dentes  molares  of  the  fifh  of  Brazil, 
called  grondeur ;  and  of  the  eyes  of  ferpents,  which  be- 
long, according  to  this  naturalift,  to  the  dentes  incifivi 
of  the  fame  fifh.    After  thefe  details,  this  kind  may  be 
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reduced  to  two  fpecies,  under  which  might  be  com- 
prehended  all  the  poflible  varieties. 

1.  Entire  or  fojfil  j bells.  Here  we  diftinguim  diffe- 
rent degrees  of  alteration  in  their  colours,  polifh,  hard- 
nefs,  &c. 

2.  Shell  marie.  Shells  bruifed  and  in  the  form  of 
earth.  The"  foil  of  a  part  of  Tounain,  and  of  feveral 
other  provinces  of  France,  ft  entirely  of  this  nature. 
Theft  earths  art  employed  as  excellent  manure. 

Genus  IL    Calcareous  Earths  and  Stones. 

These.'  are  formed  by  the  fubliancesof  the  firftgenus^ 
wafted  and  depofited  by  the  waters.  They  are  found 
difpofed  in  beds  or  banks  in  the  earth.  We  follow  M. 
Daubenton  in  the  diftinction  oi  the  different  fpecies. 

Species. 

1.  Calcareous  earth,  compacted;  chalk.    It  varies 

in  colour  and  finenefs  of  grain  ;  it  is  employed 
for  many  domeftic  purpofes. 

2.  Spongy  calcareous  earth  ;  (lone  marrow, 
g.  Calcareous  earth  in  powder ;  foffil  farina. 

4.  _  in  thick  milk  ;  lac  lunse. 

5.  foft  j  haffock.  It  becomes  hard 

and  white  by  drying. 

6.  Calcareous  ftone  in  coarfe  grains.    We  have  art 

example  of  this  in  that  of  Arcueil ;  we  find 
in  it  Ihells  half  bruifed. 

7.  Calcareous  ftone  in  fine  grains.    The  ftone  of 

Tonerre  is  of  this  fpecies. 
Without  entering  into  ufelefs  details,  we  know  that 
the  colour,  the  hardntfs,  and  the  different  ufes  for  which 
we  employ  thefe  earths  andfti  nes,  furnifli  a  great  num- 
ber of  varieties,  known  by  different  names.  In  gene- 
ral, they  fcrve  to  make  lime  for  the  conftruttion  of 
buildings. 

Genus  III.  Marbles. 

THE  nwbles  differ  from  the  calcareous  ftones,  pro- 
perly fo  called,  in  a  little  more  confiderable  hardnefs. 

Like 
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Like  them,  they  do  not  flrike  fire  with  Heel ;  they  raife 
an  efferveicence  with  the  acids;  and  the  fracture  is  gra- 
nulated ;  but  their  grain  is  much  finer  and  clofer, 
their  colours  are  more  brilliant,  and  they  take  a  more 
beautiful  polifli.  All  the  world  knows  the  ufes  of 
marble  in  fculpture,  architecture,  &c.  It  is  alfo  em- 
ployed in  fome  countries  to  make  lime. 

1.  Lumachelle.  This  name  has  been  given  by  the 
Italians  to  a  kind  of  marble  formed  by  agglutinated 
fhells. 

2.  Breche*  This  is  a  marble  compofed  of  fmall  round 
mafles  united  by  a  cement  of  the  fame  nature. 

3.  Marble^  properly  fo  called.  We  find  in  it  neither 
the  fhells  of  the  lumachelles,  nor  the  compofuion  of 
the  breches  in  round  maffes.  Its  fpots  are  irregular, 
and  it  is  often  full  of  veins. 

According  to  M.  Daubenton,  it  is  never  of  a  fingle 
colour.  This  naturalifl:  divided  the  marbles,  by  the 
number  and  the  combination  of  their  colours, 

1.  Into  marble  of  fix  colours,  viz.  white,  grey, 
green,  yellow,  red  and  black  ;  marble  of  Wir- 
temberg. 

2.  Into  marble  of  two  colours,  viz.  white  and 
grey  ;  marble  of  Carara. 

3.  Into  marble  of  three  colours,  viz.  grey,  yel- 
low, and  black  ;  lumachelle. 

c\.  Into  marble  of  four  colours,  viz.  white,  grey, 

yellow,  red  ;  brocatelle  cf  Spain. 
5.  Into  marble  of  five  colours,  viz.  white,  grey, 

yellow,  black,  red  ;  breche  of  Old  Caflile. 

4.  Figured  marble.  It  reprefents  ruins  like  the  marble 
of  Florence,  or  herbs  like  that  of  HeiTe. 

Genus  IV.  Concretions. 

The  concretions  are  formed  irregularly  by  a  quicker 
or  flower  depofition  of  the  calcareous  matter,  conveyed 
by  the  vvaterj  upon  the  furface  of  any  body.    They  are 
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not  difpofed  in  great  beds,  but  by  fragments  in  heaps 
at  firft  detached,  which  gradually  approach  each  other* 
and  are  united  by  the  increal'e  of  their  fize. 

Species. 

1.  Incrujlations.  The  waters  containing  much  chalk 
depofite  it  upon  the  furfaceof  all  the  bodies  over  which 
they  flow  :  the  incruftations  then  may  be  in  all  poflible 
forms,  according  to  the  fubftances  which  have  ierved 
for  their  formation.  Such  are  thofe  of  the  waters  of 
Arcueil,  and  fuch  is  the  Ofteocolle,  &c. 

2.  Stalaclites.  They  are  flowly  formed,  and  depo- 
fited  by  the  waters  in  concentric  beds  on  the  arches  of 
caverns,  They  differ  in  their  fize,  tranfparency,  or 
opacity,  grain,  colour,  form.  In  general,  they  are  py- 
ramidal and  hollow.  The  flos  ferri  is  the  pureft  of  all. 
When  they  are  patted  along  the  walls  of  fubterraneaa 
cavities,  they  are  called  congelations ;  when  depofited 
upon  the  ground,  Jlalagmites. 

3.  Alabafter.  The  alabafter  feems  to  be  formed  of 
the  pureft  ftala&ites,  for  a  long  time  buried  under 
ground.  It  is  not  fo  hard  as  marble  ;  when  it  is  po- 
lifhed,  its  furface  appears  greafy  and  oily  ;  it  is  mani, 
feftly  compofed  of  beds,  which  take  different -directions. 
It  has  always  a  greater  or  lefs  tranfparence,  which  di, 
ftinguifhes  it  from  the  marbles ;  but  it  never  equals 
that  of  fome  fpars.  Alabafter,  befides,  has  all  the  pro- 
perties of  calcareous  ftones.  It  is  ufed  for  making  vafes 
and  ftatues.  It  may  be  diftinguifhed  into  many  va- 
rieties. 

1.  Oriental  alabafter.    This  is  the  moft  tranfparent 
and  hardeft. 

2.  Occidental  alabafter.  It  is  lefs  beautiful,  and  not 
fo  pure  as  the  former. 

3.  Alabafter,  fpotted  with  different  colours. 

4.  Waved  alabafter.     It  is  alfo  called  agate-lih 
alabafter. 

5.  Flowered  alabafter.    It  prefents  fpecies  of  herbo- 
rifations, 

Genus, 
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Genus  V.    Calcareous  Spar. 

Calcareous  fpar  differs  from  the  four  preceding  . 
genera  in  its  form,  which  is  moft  commonly  regular 
Snd  particularly  in  its  frafturc.    It  is  formed  o  lamina 
laid  one  upon  another,  and  very  apparent  on  breaking 
it    It  is  fcratched  by  fteel. 

SpiCC1Opaque  calcareous  fpar.  It  is  white  or  coloured 
in  different  ways ;  generally  formed  of  rhomboidal 

laminas.  , 

2.  Tranfparent  rhomboidal  calcareous  fpar  ;  Iceland 

cryital.    It  doubles  objeas. 

3.  Prifmatic  calcareous  fpar  without  pyramids,  lnele 
are  hexaedral  truncated  prifms,  whofe  furfaces  are  equal 
or  unequal,  and  uhofe  angles  are  fometimes  cut  oft, 
fo  as  to  form  prifms  with  twelve  furfaces.    This  gives 

three  varieties. 

4.  Calcareous  fpar  in  prifms,  terminated  by  two  py- 
ramids. There  is  a  great  number  of  varieties  in  this 
fpar:  Some  are  hexaedral  prifms,  terminated  by  pyra- 
mids alfo  hexaedral,  either  entire  or  truncated.  O- 
thers  prefent,  at  the  extremity  of  the  fame  hexaedral 
prifms,  three-fided  pyramids,  entire  or  truncated,  or 
two-fided  tops.  Laftly,  there  are  fome  with  quadran- 
gular prifms,  terminated  by  two-fided  tops.  All  thefe 
varieties  may  prefent  one  or  two  pyramids,  according 
to  their  poiition. 

5.  Pyramidal  calcareous  fpar.  This  is  formed  of 
one  or  two  pyramids,  united  into  an  intermediate  prifm. 
The  hexaedral,  or  triangular  form  of  thefe  pyramids, 
the  inequality  of  their  furfaces,  their  angles  often  trun- 
cated, eitabUm  a  great  number  of  varieties  (f). 

S  4  6, 

(c)  If  we  wifh  to  have  an  idea  of  the  varieties  of  form  difttnguifh- 
able  in  the  fpars,  and  of  the  great  number  of  fpecies  which  might 
be  made  of  them  ;  and  if  we  have  regard  to  thefe  varieties  of  form, 
we  may  confult  the  Englifh  work  of  Mr  Hill,  intitled,  The  Hiftory 
of  Foffils,  containing  the  hiftory  of  Metala  and  Gems,  Sec.  London 
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6.  Twelve-fided  calcareous  fpar.  This  fpar  which 
^embles  a  kind  of  garnate  or  marcafite,  'appear  t 

7-  Calcareous  fpar  in  fafe    This  is  a  collection  of 
long  pnfms  into  bundles,  prefenting  no  regular  for* 
capable  of  being  determined.    The  lapis  fuillus  of 
Swedes  belongs  to  this  foecies. 

a1*  Len.cic"lar  calcareous  fpar.  Thefe  are  flat  cry. 
ftals  obliquely  difpofed  at  the  fide  of  one  another.!] 
M.  Rome  de  Lifle  fuppofes  it  a  variety  of  the  hexae- 
dral  priirnatic  fpar,  terminated  by  two  macular  pyraj 
m.ds  obtufe,  and  placed  in  oppofite  fides :  Cryfla/to. 
graphy,  p.  123.  Jj 

§  2.  Chemical  properties  of  Spar,  and  of  Calcareous  Mat- 
ters in  general. 

As  the  fpar,  which  we  have  jufl:  now  defcribed,  is 
the  molt  pure  calcareous  fubftance,  it  mall  ferve'for  the 
confiderat.on  of  the  chemical  properties  ;  underftand- 
ing ,  however,  that  all  thofe  calcareous  matters  defcribed 
m  the  five  preceding  genera,  exhibit  exaftly  the  fame 
phenomena. 

In  the  analyfis  of  calcareous  fpar,  its  aggregation 
mutt  be  deflroyed  by  reduction  into  powder.  In  this 
form  it  is  white  and  opaque  ;  it  has  no  remarkable  tafte  j 
however,  it  contracts  a  little  the  fibres  of  the  palate  and 
tensrue. 

.  This  fait,  when  expofed  to  the  aftion  of  the  fire,  Iofes 
its  acid  and  the  water  of  its  cryftals.  If  we  heat  it 
brifivly,  it  decrepitates,  and  lofes  its  tranfparericy  :  By 
diltiHing  it,  we  extract  fome  water  and  much  aerial 
acid  j  but  it  requires  a  confiderable  heat  to  difengage 

this 

1748,  in  cum  tab.  aveh.  M.  Rome  de  Lifle  has  given  an  ex- 
trad  of.no  h.aCryftallography,  p.  J3  t.  and  the  next,  P.  .91.  and 
the  oda,  relat.ng  to  the  Calcareous  Spar  and  Rock-crvflal.  He 
demonftratcs,  that  Mr  Hill's  method  is  derive  and  cmbarraffiog. 
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this  laft.  After  this  operation,  the  calcareous  fpar  is 
reduced  to  the  ftate  of  quicklime ;  but  we  can  reftore  its 
form,  by  combining  the  lime  with  the  acid  obtained  in 
its  decompofition.  The  diftillarion  of  chalk,  which  dif- 
fers from  calcareous  fpar  in  its  fmall  degree  of  cohe- 
rence and  opacity  only,  has  been  performed  by  M. 
Jacquin.  M.  le  Due  de  Rouchefoucauld,  who  has  very 
carefully  repeated  it,  obferved  that  the  (tone-retorts  al- 
low a  part  of  the  aerial  acid  tp  efcape.  We  may  ufe 
an  iron- retort,  or  a  gun-barrel ;  but  we  always  obtain 
a  little  inflammable  gas,  owing  to  the  reciprocal  acYion 
of  the  aerial  acid  and  metal. 

Calcareous  fpar,  expofed  to  a  great  fire,  is  capable 
of  being  fufed  into  glafs.  M.  d'Arcet  has  fufed  feveral 
forts  of  it  into  a  tranfparent  glafs,  marked  with  fome 
fhuns.  According  to  M.  Macquer,  it  was  not  fufed  by 
the  focus  of  M,  de  Trudaine's  lens  ;  undoubtedly  be- 
caufe  it  reflected  the  luminous  rays  by  means  of  its 
whitenefs. 

Calcareous  fpar  is  unchangeable  by  pure  air ;  but 
the  contact  of  the  humid  atmofphere,  joined  to  the  rays 
of  the  fun,  makes  it  lofe  its  tranfparency  and  the  cohe- 
fion  of  its  laminae:  its  furface  affumcs  the  colours  of 
the  rainbow ;  it  darkens,  and  gradually  becomes  ob- 
fcure. 

It  does  not  appear  to  be  foluble  in  water :  Chalk, 
which  art  cannot  effect  to  diffolve  in  this  fluid  when 
pure  more  than  calcareous  fpar,  is,  however,  held  in 
folution  by  the  waters  which  flow  over  thefe  fubftances. 
Some  even  contain  a  confiderable  quantity  of  it.  Such 
are  the  waters  of  Arcueii  in  the  environs  of  Paris :  they 
hold  in  folution  enough  of  calcareous  earth  to  incruft, 
in  fome  months,  bodies  put  into  the  channels  through 
which  they  run.  The  waters  of  St  Philip's  baths  in 
Italy,  contain  fo  much  of  this  fubfiance,  as  to  depofite  it 
m  beds  more  than  half  an  inch  thick  in  the  fpace  of 
fome  days.  They  take  advantage  of  this  property  to 
form  pictures  and  figures  in  hollow  moulds,  which  are 
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plunged  into  them,  and  on  the  inner  furface  of  which 
the  waters  depofite  the  chalk  that  they  contain. 

Calcareous  earth  affifts  the  vitrification  of  fome 
earthy  and  ftony  fubftances.  Chalk,  mixed  by  nature 
with  an  argillaceous  earth,  forms  an  earthy  mixture, 
which  the  naturalifts  and  farmers  call  marie.  This 
fubftance  prefents  a  great  number  of  varieties,  which 
differ  in  colour,  tenacity,  &c.  It  is  very  fuccefsfully 
employed  to  fertilize  the  fields. 

Terra  ponderofa,  magnefia,  and  lime,  have  no  action 
on  calcareous  fpar.  The  fixed  alkalis  and  the  volatile 
alkali  do  not  alter  it,  becaufe  the  aerial  acid  has  more 
affinity  with  lime  than  with  thefe  fubftances. 

The  vitriolic,  nitrous,  marine,  and  fparry  acids,  de- 
compofe  it,  by  feizing  on  its  bafe,  and  diflipating  the 
aerial  acid.    If  we  put  fpirit  of  vitriol  upon  calcareous 
fpar,  an  ebulition  is  excited,  owing  to  the  aerial  acid 
being  difengaged  in  form  of  gas.     The  naturalifts 
make  ufe  of  this  chemical  character  to  diftinguifh  all 
the  calcareous  fubftances.    By  means  of  the  acids,  cal- 
careous fpar  may  be  completely  analized.  For  this  pur-*1 
pofe  we  pour  fome  fpirit  of  vitriol  upon  the  calcareous 
matter  reduced  into  powder.  The  violent  effervefcence 
produced  in  the  inftant  of  mixture,  indicates  the  fepa- 
ration  of  the  aerial  acid,  which  may  be  collected  and 
meafured,  by  receiving  it  by  means  of  a  fiphon  into 
velfels  full  of  water.  The  effervefcence  is  accompanied 
with  a  cold,  on  account  of  the  volatilization  of  the 
aerial  acid.    When  it  is  over,  if  we  examine  the  new 
combination,  we  find  it  to  be  felenite,  formed  by  the 
vitriolic  acid  united  with  the  lime,  which  conftituted 
the  bafe  of  the  fpar.    Some  new  experiments  have 
fhown,  that  fome  of  thefe  fpars  contain  a  little  magne- 
fia, and  afford  Epfom  fait  when  diffolved  by  the  vitri- 
olic acid.    The  aerial  acid  has  the  property  of  giving 
folubility  to  the  fpar  and  other  calcareous  matters.  We 
have  already  feen,  in  the  article  on  this  acid,  that  it 
forms  chalk  from  lime-water,  and  rediflblves  it,  if  more 
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is  added  than  is  neceflary  for  its  precipitation.  The 
chalky  acid  fpirir,  when  allowed  to  remain  on  calcareous 
fpar  in  powder,  takes  up  by  little  and  little  a  certain 
quantity  of  this  neutral  fait.  Several  waters  alfo  con- 
tain chalk  by  means  of  the  aerial  acid  :  but  all  thefe 
folutions  are  of  fhort  duration.  When  we  expofe  them 
to  the  air,  they  gradually  turn  turbid,  and  precipitate 
the  chalk  in  proportion  to  the  diffipation  of  the  aerial 
acid.  The  fame  effe£l  is  much  more  rapidly  produced 
by  means  of  heat ;  and  this  method  is  fuccefsfully  em-  * 
ployed  for  correcting  the  waters  abounding  in  chalk, 
which  always  are  hard  and  raw. 

Calcareous  fpar  has  no  aclion  upon  the  neutral  falts 
with  bafe  of  fixed  alkali.  Like  chalk,  it  decompofes 
the  ammoniacul  falts.  On  one  part  we  obtain  ?  calca- 
reous fait,  formed  by  the  acid  of  the  ammoniacal  falts 
and  the  lime  of  the  fpar ;  and  on  the  other  part,  fome 
aerial  fal  ammoniac,  refulting  from  the  combination  of 
the  acid  of  the  fpar  with  the  volatile  alkali  of  the  de- 
compofed  fal  ammoniac.  We  peform  this  operation 
by  diftilling  in  a  ftone-retort  a  mixture  of  one  pound 
of  fal  ammoniac  and  two  pounds  of  chalk,  or  rather 
of  calcareous  fpar,  in  powder.  Care  is  taken  to  have 
thefe  fubfl an ce sin  a  very  dry  (late.  We  adapt  to  the  re- 
tort a  balloon,  with  the  addition  of  a  long  tube,  or,  what 
is  (till  better,  a  cucurbit  of  glafs  or  ftone.  We  gradu- 
ally apply  fire  until  the  bottom  of  the  retort  be  red- 
dened :  white  vapours  pafs  over,  which,  condenfe  in  very 
white  and  pure  cryftals  upon  the  fides  of  the  receiver. 
This  is  aerial  fal  ammoniac.  The  refiduum  is  calca- 
reous marine  fait,  which  is  generally  fufed,  if  we  raife 
a  violent  fire  about  the  end  of  the  operation. 

The  ufes  of  the  fpar  and  of  calcareous  matters  in  general 
are  very  extenfive,  as  we  have  already  obferved  in  treat- 
ing of  their  natural  hittory ;  but  one  of  the  moft  impor- 
tant is  the  preparation  of  lime  from  them.  The  art  of 
lime-making  confifts  in  decompofmg  the  calcareous 
piatter  by  the  aOion  of  the  fire,  and  diffipating  its  acid. 

Of 


284  LECTURES  ON 


Of  thefe  fubftances,  the  ftones  charged  with  fliells,  and. 
the  greatefl:  part  of  calcareous  fpar,  produce  the  beft: 
lime.  However,  we  moft  commonly  ufe  a  kind  of  hard: 
calcareous  (lone  called  lime/lone.    Thefe  ftones  are  ar- 
ranged in  a  kind  of  oven  or  tower,  fo  as  that  they  formi 
an  arch:  under  this  arch  we  kindle  a  fire  of  faggots,, 
which  is  continued  till  a  vivid  flame  be  raifed  without, 
fmoke  about  ten  feet  above  the  oven,  and  until  the. 
llones  become  very  white.    To  render  the  lime  good,, 
it  ought  to  be  hard,  fonorous,  to  produce  a  brilk  andi 
ftrong  heat  with  water,  and  to  give  a  thick  fmoke  in  its 
extinction.    If  it  has  not  been  fufficiently  calcined,  it 
is  not  fonorous,  and  raifes  but  a  fmall  and  (low  heat: 
with  water:  If  it  has  been  too  much,  it  is  femivitrified, 
and  has  no  more  tendency  to  unite  with  this  fluid.  The 
lime-makers  then  call  it  burnt  lime.    We  will  not  fay 
any  thing  of  the  ufes  of  lime,  becaufe  we  have  treated 
of  them  in  the  hiftory  of  this  fubftance  in  its  pure  ftate. 

LECTURE  XXII. 

Genus  IV.  Neutral  Salts  with  bafe  of  Magnefia. 

Species  1.  Vitriol  of  Magnefia,  Epfom  Salt. 

T  1  ^HE  neutral  fait,  formed  by  the  union  of  the  vitriolic 
X  acid  with  magnefia,  has  been  called  Epfom  fait, 
from  the  place  where  it  is  procured  in  greatdt  quan- 
tity. That  place  is  a  fountain  in  England.  It  is  alfo 
found  in  the  waters  of  Egra,  Sedlitz,  and  Seydfchutz. 

This  fait  has  a  very  bitter  tafte  :  for  that  reafon  it 
has  been  called  fal  cathariicus  amarus.  It  is  in  the  form 
of  very  fmall  prifms  with  four  fides,  terminated  by 
pyramids  likewife  with  four  fides.  Thefe  cryftals  differ' 
from  thofe  of  Glauber's  fait  only  in  being  of  much 
fmaller  fize,  and  in  not  having  their  furfaces  ridged 
with  channels  running  along,  as  is  obferved  in  this  iait 
fait.  Epfom  fait  retains  enough  of  water  of  cryftalliza- 
tion,  to  undergo,  like  Glauber's  fait  and  borax,  the 
aqueous  liquefaction.    It  fufes  with  a  Ids  heat,  and 


CHEMISTRY 


285 


nflumes  the  form  of  a  fhapelefs  mafs  by  cooling.  If, 
when  it  is  fufed,  we  continue  the  heat,  it  dries  into  a 
white  friable  mafs,  which  is  only  the  fait  deprived  of 
its  water  of  cryftallization,  without  any  change  of  its 
nature.  It  requires  an  extreme  heat  to  bring  the  Ep- 
fom  fait,  dried,  into  an  ignited  fufion.  This  fait  con- 
tains more  that  the  half  of  its  weight  of  water  of  cry- 
ftallization. 

M.  Macquer  and  feveral  chemifts  have  faid  that  it  re- 
ceives a  flight  humidity  from  the  air ;  a  property  that 
may  ferve  to  diftinguifli  it  from  Glauber's  fait,  which 
efflorefces.  M.  Bergman  declares,  on  the  contrary,  that 
the  Epfom  fait,  expofed  to  a  dry  air,  foonlofesits  tranf- 
parency,  and  is  at  lad  reduced  to  a  white  powder :  and 
he  afi'erts,  that  that  which  is  fold  in  fmall  needles,  is 
deliquefcent,  on  account  of  the  marine  magnefia  which 
it  contains.  M.  Buchni,  a  citizen  of  Geneva,  fays, 
that  he  has  found  fome  Glauber's  fait  in  it. 

Epfom  fait  is  fo  foluble  in  water,  that  it  does  not  re- 
quire 14- parts  of  this  fluid,  when  cold,  to  hold  it  dif- 
folved,  and  warm  water  can  diflblve  two  parts.  It  cry- 
ftallizes  by  cooling;  but  to  have  it  very  regular,  we 
muft  allow  a  felution  of  it,  made  in  the  dold,  to  eva- 
porate fpontaneoufly. 

This  fait  is  not  altered  by  the  earths.  Lime  decom- 
pofes  it ;  becaufe  lime  has  more  affinity  with  the  vitri- 
olic acid  than  magnefia  has.  If  we  put  a  little  Epfom 
fait  into  lime-water,  or  pour  this  laft  into  a  folution  of 
the  fait,  a  precipitate  of  magnefia  and  felenite  falls 
down.  This  is,  as  was  feen,  a  fure  character  to  diftin- 
guifli it  from  Glauber's  fait. 

The  pure  fixed  alkalis  likewife  decompofe  Epfom 
fait.  The  cauftic  volatile  alkali  has  the  fame  property, 
whilft  it  does  not  decompofe  felenite;  which  demon- 
ftrates,  that  this  fait  has  more  affinity  with  the  vitriolic 
acid  than  magnefia  has,  but  lefs  than  lime.  It  may 
therefore  fcrve  to  difcover  the  prefence  of  Epfom  fait 
in  waters.  In  this  way,  alfo,  we  obtain  the  pure  mag- 
2  nelia 
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nefia  by  means  of  the  cauflic  volatile  alkali;  the  hiftcrv. 
of  which  we  have  given  at  the  beginning  of  the  faline 
matters. 

As  yet  we  do  not  well  know  the  attion  of  Epforfti 
fait  upon  the  neutral  falts  with  bale  of  fixed  and  volatile  'A- 
kali.  It  is  probable  that  the  nitrous  and  marine  falts  would : 
be  decompofed  by  a  double  affinity:  although  M.  Qua-- 
tremcre  Dijonval,  in  his  letter  to  M.  de  Morveau,  Journal . 
de  Pby/ic,  May  1780,  vol.  17.  page  391.  certifies,  that: 
when  we  unite  a  folution  of  Epfom  fait  with  a  folution* 
of  vitriolic  ammoniac,  a  total  precipitation  of  the  Er>. 
fom  fait  without  decompofition  takes  place.    It  falls  to 
the  bottom  in  the  form  of  very  thick  cryftals,  which  we*- 
may  be  certain  of  by  their  tafte.    He  afcribes  the  effect  ; 
to  this,  that  the  vitriolic  ammoniac  is  capable  of  feizing 
the  water  of  the  Epfom  fait,  which  he  reckons  to  be . 
very  cryftallizable.    We  mall  recur  to  the  explanation  1 
of  this  fad  in  the  hiftory  of  Nitrous  Magnefia. 

"With  refpeel  to  the  aerial  falts,  it  is  certain  that  Ep- 
fom fait  decomposes  them,  and  is  itfelf  decompofed. 
When  we  pour  a  folution  of  aerial  tartar  or  aerial  fodai 
into  one  of  Epfom  fait,  there  is  a  double  decompofition 
and  double  combination.  The  vitriolic  acid  of  the 
Epfom  fait  unites  with  the  fixed  alkalis  ;  the  aerial  acid  ! 
joins  with  the  magnefia,  and  forms  a  neutral  fait,  called 
mild  or  effervefcing  magnefia.  By  this  procefs  we  prepare 
the  mild  magnefia,  made  ufe  of  in  medicine  as  a  very 
good  purgative. 

According  to  M.  Dijonval,  a  folution  of  felenite 
mixed  with  a  folution  of  Epfom  fait  occafions  a  preci-  • 
pitation  of  the  latter ;  although  this  phenomenon  be 
very  imperceptible,  on  account;  of  the  fmall  quantity  of 
felenite  diffolved.  Calcareous  nitre  and  calcareous  ma- 
rine fait  likewife  decompofe  Epfom  fait,  and  are  at 
the  fame  time  decompofed ;  but  we  cannot  conclude 
from  this,  along  with  M.  Dijonval,  that  the  nitrous  and 
marine  acids  have  more  affinity  with  magnefia  than  the 
1  vitriolic 
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vitriolic  acid  has ;  fince,  in  thefe  experiments,  we  muft 
take  into  account  the  double  affinities. 

M.Bergman  lays,  that  100  parts  of  cryftallized  Ep- 
fom  ialt  contain  1 9  of  pure  magnefia,  3  3  of  vitriolic 
acid,  and  48  of  water. 

Epfom  fait  is  employed  in  medicine  with  great  fuc- 
cefs;  it  is  a  powerful  mild  purgative,  having  alfo  the 
property  of  being  deobftruent.  It  is  even  preferred  to 
other  falts  for  its  great  folubility.  It  is  given  either 
alone,  from  one  to  two  ounces  diffolved  in  water;  or  as 
an  afliftant,  in  the  dofe  of  one  or  two  gros.  It  mineralizes 
the  moll  part  of  the  natural  purgative  waters. 

Species  2.  Nitrons  Magnefia. 

The  combination  of  the  nitrous  acid  with  magnefia 
has  been  examined  by  M.  Bergman.  This  celebrated 
chemift  fays,  that  the  folution  of  this  fait  made  by  art, 
after  a  proper  evaporation,  gives  prifmatic  cryftals, 
quadrangular,  fparry,  and  without  pyramids. 

This  fait  has  an  acrid  and  very  bitter  tafte :  it  is  de- 
compofed  by  heat,  and  attracts  humidity  from  the  air.  It 
is  very  foluble  in  water.  Its  cryftals  are  obtained  by 
flow  evaporation  only.  Terra  ponderofa,  lime,  and  the 
alkalis,  decompofe  it.  As  this  fait  is  found  diffolved  in 
the  mother-waters  of  nitre,  M.  de  Morveau  propofed  ex- 
tracting the  magnefia  in  great  from  it,  by  precipitating 
them  by  lime-water.  This  procefs  would  be  very 
advantageous,  by  the  facility  of  its  execution,  and  the 
little  expence  it  requires.  The  vitriolic  and  fparry  acids 
dilengage  the  acid  of  nitrous  magnefia;  and  fedative 
ialt  alfo  difengages  it  by  means  of  heat,  and  on  account 
of  its  fixity.  Thefe  are  the  properties  of  this  fait  men- 
tioned by  M.  Bergman. 

M.  Quatremere  Dijonval,  who  has  made  inquiries 
concerning  feveral  combinations  of  magnefia,  has  found 
in  nitrous  magnefia  fome  very  different  properties  from 
thofe  announced  by  the  Upfal  chemift.  We  are  not 
as  yet  acquainted  with  his  work  communicated  to  the 
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academy ;  only  with  what  he  fays  of  it  in  his  letter  to  M< 
de  Morveau,  cited  in  the  article  of  Epfom  fait,  lie  lays 
he  obtained  cry  ftals  of  nitrous  magnefia  not  deliquefcent; 
and  he  adds,  that  the  falts  with  bafe  of  magnefia  are 
as  cryftallizable  and  difpofed  to  efflorefce,  as  the  calca- 
reous falts  are  deliquefcent. 

Nitrous  magnefia  appears  to  be  capable  of  decompo-. 
fing,  by  means  of  the  double  affinities,  the  vitriolic  falts; 
fuch  as^  vitriolated  tartar,  Glauber's  fait,  and  vitriolic 
ammoniac.    M.  Dijonval,  who  has  mixed  the  folutions 
of  thefe  different  falts  with  folutions  of  nitrous  magnefia, . 
fays,  that  he  perceived  no  fign  of  decompofition,  nof  i 
any  kind  of  precipitation.    On  this  head,  it  is  necef-  ! 
fary  to  obferve,  that  as  the  falts  formed  by  thefe  double: 
decompofitions  are  all  equally  foluble,  thefe  operations 
are  not  fenfible  to  the  eye;  and  in  order  to  perceive 
them,  it  is  neceffary  to  evaporate  the  mixture,  or  add 
fpirit  of  wine  to  it,  which  attracts  the  water  and  precz-- 
pitates  the  fait. 

The  fame  obferver  has  announced  a  fact  worthy ' 
of  all  the  attention  of  the  chemifts ;  it  is  theprecipitata-  j 
tion  of  nitrous  magnefia  occafioned  by  calcareous  nitre. .  j 
When  we  mix  tranfparent  and  very  pure  folutions  of  I 
thefe  two  falts,  the  nitrous  magnefia  inftantly  falls  in  ai 
cryftalline  form,  and  without  being  decompofed  in  any 
manner,  and  the  liquor  retains  the  diffolved  calcareous 
nitre.    It  is  indeed  very  fingular,  that  two  falts,  when  i  I 
feparated,  mould  have  enough  of  water  to  keep  them;  ] 
in  perfect  folution,  and  that  the  mixing  of  them  mould 
occafion  the  fudden  precipitation  and  cryftallization  of 
the  one  of  them.    M.  Ouatremere  thinks,  as  we  hav«! 
obferved  more  fully  above,  that  this  phenomenon  de*| 
pends  on  the  great  tendency  of  the  calcareous  nitre  to 
unite  with  water.    According  to  him,  this  fait  being 
able  to  abforb  a  greater  quantity  of  water  than  is  ne*yl 
ceflary  to  hold  it  in  folution,  when  we  mix  with  it  a  fo-  I 
lution  of  nitrous  magnefia,  which  has  a  ftrong  tendency  < 
to  cryltaliize,  it  immediately  feizes  on  the  water  of  jj 
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cryftallization  of  the  other;  and  then  the  nitrous  magne- 
,  fia,  being  more  weighty  than  the  quantity  of  water  which 
fupported  it,  precipitates  in  a  cryftalline  form.  This 
theory,  however,  does  not  feem  to  explain  feveral  dif- 
ficulties which  it  is  poflible  to  raife  againft  it.  How,  in 
reality,  can  a  fait,  however  foluble  it  may  be,  and  what- 
ever tendency  it  may  have  to  combine  with  water, 
feize  on  the  water  of  cryftallization  of  another  fait, 
when  it  is  itfelf  united  with  as  much  water  as  holds  it 
diffolved  ?  If  we  anfwer  that  it  is  not  faturated  with 
water,  there  is  then  a  point  of  faturation  at  which  the 
calcareous  nitre  would  ceafe  thus  to  precipitate  the  ni- 
trous magnefra;  and  this  mould  have  been  demon- 
ftrated.    This  fuppofition  even  admitted,  how  mould 
the  calcareous  nitre  feize  on  the  water  of  cryftalliza- 
tion of  the  nitrous  magnefia,  whilft  it  can  abforb  the 
water,  which  holds  this  fame  fait  in  folution,  pre- 
vious to  its  depriving  it  of  the  portion  of  this  fluid, 
which  makes  a  conftituent  part  of  its  cryftals?  Laftly, 
low  can  we  conceive,  in  this  explanation,  that  nitrous 
nagnefia  deprived  of  the  water  of  cryftallization  by 
:alcareous  nitre,  would  be  capable  of  being  inftantly 
)recipitated  in  a  cryftalline  form,  whilft  it  has  loft  one 
)f  the  elements  of  its  cryftals  ?  If  I  may  be  allowed 
hefe  reflections  on  the  explanation  of  M.  Quatremere; 
vhofe  abilities  otherwife  I  know,  it  is  only  to  engage 
rim  to  perfevere  in  fo  interefting  a  purfuit,  and  to  feek 
Dut  the  caufe  of  a  phenomenon,  that  is  owing  perhaps 
:o  fome  circumftance,  which  as  yet  he  has  not  been 
ible  to  difcover. 

Species  III.    Marine  Magnefia. 

This  fait  is  the  faturated  combination  of  the  marine 
icid  with  magnefia.  M.  Bergman  fays  that  it  has  a  very 
fitter  tafte:  according  to  him,  we  cannot  obtain  it  in 
:ryftals,  but  by  fuddenly  expofing  its  folution  to  a  great 
:old,  ftrongly  concentrated  by  evaporation.  It  is  then  in 
he  form  of  fmall  needles,  very  deliquefcent.  For  the 
noft  part,  this  folution  prefents  a  tranfparent  gelly.  M. 
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Quatremere  obtained  this  fait  in  a  regular  and  perms, 
nent  form.  He  even  feems  to  announce,  that  it  i$ 
cfHorefcent  rather  than  deliquefcent.  Marine  magnefia 
is  decompofed  and  lofes  its  acid  by  the  action  of  the 
fire.  It  is  very  foluble  in  water.  To  get  it  well  cryftal- 
lized,  we  muft  allow  its  folution  to  evaporate  by  means- 
of  the  open  air  into  a  great  mafs.  It  is  decompofed  by 
lime  and  the  three  pure  alkalis.  For  this  reafon,  the 
mother  water  of  faline  fait,  contained  in  faline  fountains, 
which  are  impregnated  with  a  certain  quantity  of  ill 
mixed  with  fome  calcareous  marine  fait,  is  precipitated 
by  the  cauftic  volatile  alkali  and  by  lime-water.  The 
vitriolic  and  nitrous  acids  fcparatethe  marine  acid  from 
it,  and  the  fedative  fait  does  the  fame.  To  perform 
this  laft  decompofition,  we  muft  diftil  in  a  glafs  retort 
a  mixture  of  one  part  of  fedative  fait  and  two  parts  of 
marine  magnefia.  The  aci'd  of  this  laft  is  volatilized, 
and  the  fixity  of  the  fedative  fait  favours  its  combina- 
tion with  magnefia. 

Marine  magnefia  decompofes  the  vitriolic  and  nitrous 
falts  with  bafc  of  fixed  and  volatile  alkali,  in  confe- 
quence  of  double  affinity;  but  to  be  certain  of  thd'e 
decompofitions,  we  muft  have  recourfe  to  evaporation, 
or  mixing  their  folutions  with  fpirit  of  wine,  and  pour- 
ing them  into  one  of  marine  magnefia,  becaufe  the  new 
faline  combinations  remain  diffolved  in  the  liquor. 

M.  Quatremere  has  difcovered,  that  marine  magnefia 
in  folution,  put  into  a  folution  of  fal  febrifugus,  is  pre- 
cipitated in  cryftals,  owing  to  its  great  difpofition  to 
eryftallize,  as  he  allows,  comparatively  to  the  fal  febri- 
fugus, which  retains  the  water  that  dhToIved  it.  In  the 
opinion  of  this  chemift,  it  is  ftill.  very  difficult  to  con- 
ceive how  a  fait,  fo  little  foluble  and  deliquefcent  as  the 
fal  febrifugus,  in  comparifon  of  the  marine  magnefia, 
can  feize  on  the  water  which  dilTolved  this  laft.  One 
would  be  more  inclined  to  think,  that,  on  the  contrary, 
it  is  the  febrifugal  fait  which  is  precipitated,  if  we 
''could  not  truft  the  accuracy  of  M.  Chiatremere's  ex- 
periment.   If  we  mix  a  folution  of  magnefia  with  one 
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lof  calcareous  marine  fair,  the  firft  fait  is  precipitated  in 
Icryftais,  as  the  fame  chemift  afierts. 

Speeches  IV.    Borax  with  Bafe  of  Magnefia. 

"We  may  give  this  name  to  the  combination  of  feda- 
jtive  fait  with  magnefia.  This  fait  is  almoft  unknown. 
|M.  Bergman  has  obferved,  that  when  we  put  fome 
[magnefia  into  a  folution  of  fedative  fait,  it  is  diffolved 
In  it  but  flowly.  The  evaporated  liquor  gives  cryftals 
In  grains,  without  a  regular  form.  This  fait  fufes  by 
[fire  without  decompofition.  The  acids  decompofe  it,  by 
Seizing  on  the  magnefia  and  feparating  the  fedative  falx. 
[Spirit  of  wine  alfo  attracts  its  acid,  and  leaves  the  mag- 
tiefia  alone.  We  are  unacquainted,  as  has  been  feen,  - 
[with  almoft  all  the  properties  of  this  fait,  upon  which 
tthe  chemifts  as  yet  have  made  no  experiments. 

Species  V.    Sparry  Magnefia. 

It  is  the  fame  cafe  with  regard  to  the  combination 
bf  magnefia  with  the  fparry  acid.  It  is  not  at  all  known. 
M.  Bergman  is  the  only  chemift  who  has  faid  any 
thing  about  it.  According  to  him,  the  fparry  acid  ra- 
pidly dhTolves  magnefia.  A  great  part  of  this  fait  is  de- 
[pofited  on  account  of  the  approaching  faturation.  The 
[folution,  by  fpontaneous  evaporation,  furnifhes  a  kind 
lof  mofs,  which  creeps  along  the  fides  of  the  veflel,  and 
iprefents  fome  long  and  very  fine  filaments.  W e  alfo  get 
tat  the  bottom  of  the  veflel  fparry  cryftals  in  hexagonal 
Iprifms,  terminated  by  a  pyramid,  fomewhat  elevated, 
icompofed  of  three  rhomboids.  This  fait,  which  l\i . 
iBergman  calls  Fluor  of  Magnefia,  fuffers  no  alteration 
from  the  mod  violent  fire.  No  acid  can  decompofe  it 
in  the  humid  way. 

Species  VI.     Aerial  M agnefia. 

This  fait,  named  mild  or  effervefcing  magnefia  by  Dr 
(Black,  who  firft  made  it  known,  is  formed  by  the  inti- 
knate  union  of  the  aerial  acid  with  magnefia.  It  is  gene- 
rally prepared  by  precipitating  a  folution  of  Epfom  fair, 
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by  means  of  the  falts,  united  with  the  chalky  acid  aa 
we  will  mention  at  the  end  of  this  article.    For  the 
moft  part,  it  has  an  earthy  appearance ;  it  is  in  a  very 
white  powder ;  however,  M.  Bergman  and  M.  Butini 
have  obtained  it  cryftallized,  in  the  manner  to  be  after..: 
wards  more  fully  defcribed.    Like  the  chalky  acid  falts 
in  general,  it  is  capable  of  containing  a  greater  or  left:] 
quantity  of  acid,  and  its  properties  vary  according  to  theid 
quantity  it  contains.    It  has  a  crude  tafte,  fomewhat 
earthy.    It  has  a  mofe  remarkable  action  on  the  inte- 
stines being  purgative, 

When  it  is  expofed  to  the  fire  in  a  crucible,  it  Iofes 
its  water  and  acid.    M.  Tingry,  apothecary  of  Geneva,  J 
lias  obferved,  that  when  we  calcine  it  in  great,  it t; 
bubbles  and  feems  to  betray  a  motion  of  fluidity. , 
This  phenomenon  depends  on  the  difengagement  of  its 
acid  and  gas.    A  lightifh  fog  is  raifed  from  the  cruci- 
ble,  which  depofites  upon  the  furrounding  bodies  ak 
white  powder  that  is  nothing  but  magnefia  which  has 
been  carried  off  by  the  current  of  the  chalky  acid... 
According  to  the  fame  obferver,  if  we  ifnmerfe  a  hot 
body  into  it,  it  adheres  to  it ;  a  cold  body  carries  off 
flill  more  of  it.    About  the  end  of  the  operation,  itt 
glitters  with  a  bluifh  and  very  fenfible  phofphoric  light. 

If  we  calcine  in  clofe  velfels  mild  magnefia,  by  a* 
pneumato-chemical  apparatus,  we  obtain  the  water  and 
acid  which  it  contains.   M.  Butini,  who  has  performed 
this  operation  with  great  accuracy,  afTerts,  according  too 
the  calculations  from  the  products  which  he  obtained,  that 
32  grains  of  common  magnefia,  viz.  that  prepared  for 
the  ufes  of  pharmacy,  and  which  is  not  fatUrated  with 
acid,  contain  about  13  of  pure  earth,  12  of  acid,  and  7 
of  water.   M.  Bergman  eftimates,  that  mild  magnefia 
contains  in  100  parts,  25  or  30  parts  of  acid,  according  I 
to  its  condition,  30  of  water,  and  45  of  pure  magnefia. 
If  we  heat  it  very  ftrongly,  after  it  has  loft  its  acid,,) 
it  agglutinates  and  affumes  a  hardnefs  like  pure  or  caU->| 
flic  magnefia. 

This  fait  is  not  changed  by  the  air.    Water  difiblves 
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l>ut  an  infinitely  fmall  quantity  of  it;  and  the  folution 
varies,  according  as  it  contains  more  or  lefs  chalky  acid. 
If  we  mix  it  with  a  little  water  it  forms  a  kind  of  pafte, 
which  has  but  a  fmall  adhcfion,  and  which  dries, 
without  either  acquiring  Confidence  or  fuffering  a 
contraction.  Common  magnefia,  mixed  with  a  con- 
fiderable  quantity  of  water,  diffolves  in  the  proportion 
of  about  a  grain  or  a  grain  and  a  half  to  the  ounce  of  this 
fluid;  of  which  we  may  affure  ourfelves  by  evaporation. 
But  there  are  ways  of  diffolving  magnefia  in  much 
greater  quantity,  as  we  mail  mention  immediately. 

Mild  magnefia  is  not  decompofed  by  the  pure 
earths;  lime  attracts  from  it  its  acid,  with  which  k  has 
more  affinity.  Lime-water,  poured  into  a  folution  of 
mild  magnefia,  occafions  an  evident  enough  precipita- 
tion, however  fmall  be  the  quantity  of  this  neutral  fait 
diffolved  in  the  water.  The  precipitate  is  a  little  chalk 
and  cauftic  magnefia;  which  we  know  is  almoft  info- 
luble.  The  fixed  and  volatile  cauftic  alkalis  likewife 
decompofe  it ;  becaufe  like  the  lime  they  have  more 
affinity  with  the  chalky  acid  than  magnefia  has.  Some 
tartar,  foda,  or  volatile  alkali,  united  the  acid  of  chalk, 
refults  from,  thefe  mixtures ;  the  magnefia  falls  in  a 
pure  and  cauftic  ftate. 

The  vitriolic,  nitrous,  and  marine  acids,  decompofe 
it  in  an  inverfe  manner,  and  make  the  analyfis  of  this 
fait  complete.  They  unite  to  the  magnefia,  with  which 
they  have  more  affinity  than  the  aerial  acid  has,  and 
difengage  it  in  the  form  of  gas,  which  is  theeaufe  of  the 
effervefcence.  We  may  be  fure  that  it  is  the  chalky  acid 
by  its  characters.  M.  Butini,  in  his  inquiries,  has  taken 
notice  that  the  acids  difengage  lefs  fixed  air  than  fire 
does,  and  that  every  one  of  thefe  falts  feparate  diffe- 
rent quantities  of  chalky  gas.  Thus,  for  example,  the 
marine  feparates  more  than  the  nitrous,  and  this  more 
than  the  vitriolic.  Hence  he  concludes,  that  the  neu- 
tral falts  formed  by  magnefia,  united  with  the  acids,  rer 
tain  a  portion  of  fixed  air. 

The  chalky  acid  has  the  property  of  rendering  the  ef- 
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fer  vefcing  mngnefia  of  Dr  Black  much  more  foluble  than 
it  is  naturally.    Upon  the  phenomena  of  this  folution 
the  experiments  of  M.  Butini  are  chiefly  founded. 

He  has  difcovered,  that  when  we  put  fome  ordinary 
magnefia,  not  faturated  with  aerial  acid,  into  water 
impregnated  with  it,  the  magnefia  is  foon  faturated 
with  this  acid,  by  depriving  the  water  of  it,  and  only 
diflolves  when  it  is  in  great  abundance.  Water  im- 
pregnated with  this  gas  may  diffolve  even  30  trains  of 
aerial  magnefia  in  the  pint.  That  folution  turns  the  fyrup 
of  violets  green.  Expofed  to  the  cold,  it  lofes  its  fuper- 
abundant  air,  but  without  having  the  magnefia  fepa-, 
rated  from  it ;  which  remains  in  the  water,  even  when  , 
frozen,  in  perfect  combination.  If  we  heat  a  folution  ! 
of  magnefia  with  a  fuperabundance  of  acid,  it  turns  tur- 
bid  j  and  when  left  to  cool  again,  becomes  fomewhat 
tranfparent.  ^  This  fingular  phenomenon  prefents  to  us, 
as  M.  Butini  has  very  well  faid,  a  new  genus  in  the 
falts,  whofe  charader  is  to  diffolve  in  greater  quantity 
in  cold  than  in  boiling  water. ' 

The  more  magnefia  that  is  contained  in  water  im'-j 
pregnated  with  aerial  acid,  the  more  quickly  it  turns 
turbid  by  heat.   In  order  to  obferve  well  the  paffage  of  ' 
this  folution  from  opacity  to  tranfparency  by  means  of  i 
cooling,  according  to  the  above-mentioned  chemiftj 
we  mult  take  a  folution  which  contains  two  grains  to 
the  ounce,  and  heat  it  to  60  degrees  or  Reaumur's  ther-.J 
mometer.    It  becomes  milky ;  and  all  the  magnefia  j 
which  is  precipitated  by  means  of  the  heat  is  redifjolved 
by  means  of  cold. 

M.  Bergman  has  announced,  that  the  folution  of  " 
magnefia  charged  with  aerial  acid,  when  evaporated 
flowly,  gave  cryftals  ;  fome  in  tranfparent  grains,  and 
others  refembling  two  bundles  of  rays,  which  diverge 
from  the  fame  point.    M.  Butini,  with  the  greateft  at- 
tention, has  obferved  all  the  phenomena  of  this'  cryftal-- 
lization.    By  the  very  gentle  heat  of  a  lamp,  he  eva* 
po'rated  a  folution  charged  with  9  grains  of  this  fait  in 

the 
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•the  ounce  of  water.  It  foon  formed  a  pellicle  at  its  fur- 
face;  the  under  part  of  which,  and  likewife  the  fides  of 
the  veflel,  were  incrufted  wirh  feveral  tufts  of  cryftals. 
The  refiduum  offered  brilliant  needles,  conjoined  at 
their  bales,  and  compofed  of  fmall  hemifpherical  maf- 
fes  with  diverging  filaments.  Thofe  needles,  which 
had  no  line,  preiented,  by  means  of  the  microfcope,  long 
prifms  with  fix  faces,  cut  olF  by  a  hexagon,  and  re- 
fembling  thofe  of  certain  fpars. 

M.  Butini  has  alfo  difcovered  another  manner  of 
cryftallizing  aerial  magnefia.  It  confifts  in  expofing  to 
the  air  an  acid  folution  of  this  fait  precipitated  by  heat. 
In  a  few  days  cryftals  are  formed,  fimijar  to  thofe  ob- 
tained by  evaporation.  Magnefia  precipitated  from  Ep- 
fom  fait  by  aerial  tartar,  and  dried,  forms  no  cryftals; 
when  it  is  mixed  in  water.,  we  always  obtain  it  in  the 
form  of  irregular  maffes  in  bundles.  But  a  folution  of 
!  Epfom  fait,  newly  precipitated  by  the  fixed  alkali,  in  the 
fpace  of  a  few  days  gives  needles  like  cryftals.  The 
fame  folution,  feparated  from  its  precipitate  by  filtra- 
tion, alfo  affords  needles  of  magnefia. 

The  perfect  neutral  falts  fuffer  no  alteration  from  mag- 
nefia,  and  they  have  no  effe&  upon  it.  According  to  M. 
Butini,  they  only  increafe  its  folubility  in  water.  How- 
•  ever,  we  muft  except  mild  tartar,  which  takes  thisjpro- 
perty  from  it. 

The  calcareous  neutral  falts  are  decompofed  by  ef- 
ferveicing  magnefia.  It  is  by  me  ans  of  the  double  affi- 
:  nities  that  this  decompofition  is  effected.  We  have  ob- 
ferved  that  lime  has  more  affinity  with  the  acids  than 
magnefia  has ;  and  that  it  decompofes  the  neutral  falts 
which  have  this  fubftance  for  their  bafe.  It  is  by 
means  of  the  aerial  acid  only  that  thele  decompofi- 
tions  take  place;  and  the  great  affinity  which  fubfifts 
between  lime  and  this  acid,  is  the  caule  of  its  leaving 
the  other  fubdances  to  unite  with  it,  provided  they 
find  afubttance  with  which  they  may  combine. 

When,  therefore,  we  pour  a  folution  of  aerial  mag- 
nefia into  a  folution  of  felenite,  of  nitre,  or  marine  fait, 
2  T  4  witk 
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Xvith  h*fes.  of  calcareous  earth,  the  vitriolic,  nitrous  or 
manne  acids  leave  the  lime  to  join  the  magnefia:  they 
unite  with  it  and  form  Epfbm  fait,  nitron!  or  marine 
jnagncfia;  whilft  the  lime  combines  with  the  chalky  a  id 

Mild  magnefia  is  ufed  in  medicine.    It  was  for- 
merly  made  with  the  mother-water  of  nitre  evaporated 
to  drynefs  or  precipitated  by  the  fixed  alkali.    It  has 
been  fince  known  by  the  name  of  white  powder  of  the 
count  of  Palma,  and  powder  of  Sentinellef  it  has  been 
alio  called  Po/ychre/t  laxative  powder  by  Valentini,  white 
magnef  ia  of  nitre,  and  magnefia  of  common  fait,  becaufe  it 
was  a  fo  extrafted  from.the  mother- water  of  thefe  falts. 
Hut  this  medicine,  prepared  in  this  manner,  always 
contains  fome  calcareous  earth  and  feveral  other  foreign 
iubltances.    That  which  we  ufe  at  prefent  is  generally 
precipitated  from  Epfom  fait  by  the  fixed  alkali.  M.  Bu- 
tmi  has  given  a  very  good  procefs  to  obtain  it  very  fine," 
and  m  the  greateft  pofiible  quantity.     We  mix  any 
quantity  of  potafli  in  double  its  weight  of  cold  water;  we 
leave  this  mixture  expofed  to  the  air  for  fome  months, 
if  the  time  will  permit,  in  order  to  abforb  the  aerial  acid 
of  the  atmofphere;  we  filtrate  it;  we  diffolve  a  quan- 
tity of  Epfom  fait  equal  to  that  of  the  potafli,  in  four  or 
five  times  its  weight  of  water;  we  nitre  the  folution, 
and  add  to  it  fome  new  water,  a  little  more  than  five 
times  its  weight ;  we  heat  this  liquor,  and  when  it  is 
boiling  we  add  the  alkali  to  it.   The  precipitate  of  mag- 
nefia is  formed;  the  mixture  is  fhaken  well,  and  fil- 
trated through  paper;  we  wafh  the  precipitate  re- 
maining 

(a)  It  is  then  the  fame  with  raagnefia  as  with  the  volatile  alkali. 
When  both  the  two  are  pure  and  cauftic,  they  do  not  decompofe  the 
calcareous  falts,  becaufe  they  have  lefs  affinity  with  the  acids  than  lime 
has  ;  but  when  they  arc  united  to  fixed  air  or  aerial  acid,  and  in 
the  Hate  of  aerial  neutral  falts,  they  then  become  capable  of  decom- 
pofing  the  calcareous  neutral  falts  by  means  of  the  double  affinities, 
as  we  have  already  explained  in  the  article  upon  Sclcnitc,  Calcareous 
Nitre,  &c.    •  , 
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maining  on  the  filter  with  boiling  water,  in  order  to 
warn  away  all  the  vitriolated  tartar  which  may  be  mix- 
ed with  it.  When  the  magnefia  is  well  drained,  we 
raife  it  from  the  filter,  and  extend  it  in  thin  layers  on 
pieces  of  paper,  which  we  carry  to  a  water-bath.  When 
it  is  dried,  it  prefents  white  pieces,  which  fall  under  the 
finger  into  an  extremely  fine  powder,  that  adheres  to 
the  Ikin.  It  ought  to  be  preferred  as  a  purgative  to 
that  which  is  cauitic,  becaufe  it  is  much  more  foluble. 
We  give  it  in  the  dofe  of  one  or  two  ounces  according 
to  the  cafe.  The  cauftic  magnefia,  on  the  contrary,  is 
preferable  to  it  as  an  abforbent  j  and  both  kinds  ought 
to  be  prepared  in  laboratories. 

M.  Butini  propofes  an  artificial  mineral  water,  made 
with  mephitic  water  mixed  with  magnefia.  He  ob- 
ferves,  that  this  fluid  may  contain  in  the  pound  more 
than  three  gros  of  magnefia ;  and  that,  befides,  it  is  not 
more  difficult  to  be  prepared  than  the  martial  waters, 
which  are  acidulated  or  mixed  with  aerial  acid.  Laftly, 
the  making  is  the  fame  in  both.  Phyficians  may  em- 
ploy it  in  feveral  cafes  with  fuccefs. 

LECTURE  XXIII. 

Genus  V.  Neutral  Salts  with  Bafe  of  Clay. 

Species  1.  Vitriol  of  Clay.  Alum. 

ALUM  is  a  neutral  fait  formed  by  the  combination 
of  the  vitriolic  acid  with  pure  clay  (b).  Its  tafte 
is  fomewhat  mild  and  aftringent.  It  turns  blue  paper 
red.    It  is  capable  of  taking  a  very  regular  form 

Alum  almolt  never  exifts  in  nature  uncombined. 
Sometimes  it  is  found  in  the  neighbourhood  of  vol- 
canoes. It  is  always  mixed  with  the  argillaceous  earth. 
The  mineralogifts,  and  particularly  Wallerius,  have  di- 
ftinguifhed  feveral  forts  of  native  alum  •  fuch  as  folid 

alum, 

(b)  All  the  chemifls  are  not  agreed  about  the  bafe  of  alum; 
tome  diflinguifh  it  from  clay,  and  defign  it  by  the  particular 
name  of  Earth. 
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alum,  cryftallized  alum,  alum  in  efflorefcence  the' 
white  aluminous  earths,  the  grey,  the  brown,  and  the 
black,  the  aluminous  fchifti. 

We  are  acquainted  with  four  forts  of  alum  in  com- 
merce. 

1.  Icy  or  alum  of  Rocca,  which  is  in  confiderable 
tranfparent  rnafles.  It  gets  its  name  from  the  city  of 
Roche  in  Syria,  where  the  mod  ancient  manufacture  of 
this  fait  was  eftablifhed,  and  not  from  its  form  refem- 
bhng  that  of  a  rock,  as  feveral  authors  have  faid.  It 
is  very  impure. 

2.  Alum  of  Rome,  which  is  prepared  in  the  territory 
of  Civita  Vecchia,  and  extracted  from  a  place  called  in 
the  Italian  language,  Aluminiere  della  Tolfa.  This  alum 
is  in  thick  pieces  like  eggs  ;  it  is  covered  with  a  red- 
difh  efflorefcence,  and  is  very  pure. 

3.  Alum  of  Naples,  which  is  extracted  from  a  parti- 
cular earth  at  Sdlfatara:  It  is  in  thicker  rnafles  than  that 
of  Rome,  having  one  of  its  furfaces  thickly  fet  with 
pyramidal  cryftals. 

4.  Alum  of  Smyrna.  It  appears  that  in  the  environs 
of  this  city  and  of  Conftantinople,  the  moft  ancient 
manufactures  of  alum  have  been  erected. 

The  preparation  of  alum  varies  very  much,  accord- 
to  the  country  and  the  fubflances  from  which  it  is 
extracted.   M.  Bergman,  who  has  given  a  very  good 
diflertation  on  this  fubject,  divides  the  fubflances  which 
are  employed  for  the  preparation  of  it,  and  which  are 
commonly  called  minerals  of  alum,  into  two  kinds ;  thofe  • 
which  contain  it  already  formed,  and  thofe  which  con- 
tain the  principles  of  it  only.    The  firft  need  only  to  be 
wafhed  to  furnifh  their  alum.  Of  this  kind  is  the  earth 
found  at  Solfatara.    It  is  put  together  with  fome  water 
into  leaden  veflels  fixed  in  the  earth.    The  natural  heat 
of  the  foil  promotes  the  folution  and  cryftallization  of  the 
alum.    It  is  purified  by  a  fecond  cryftallization.  With 
regard  to  the  fubflances  which  contain  the  principles  of 
alum  only,  and  which  are  much  more  common  than  the 
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Tirft,  they  require  a  preliminary  preparation  before  they 
furnifli  the  alum.  It  is  necefiary  to  calcine  them,  or  ex- 
pofe  them  to  the  air,  according  to  their  nature.  The 
aluminous  fchifti  require  to  be  calcined  in  order  to 
■  confume  the  bitumen  with  which  they  are  coloured,  and 
to  dccompofe  the  pyrites  which  ought  to  furnifh  the 
alum.     M.  Bergman  afferts,  that  before  calcination 
of  the  fchifti,  not  an  atom  of  alum  is  produced  by 
warning  with  water.    Expofure  to  the  air  has  the  fame 
effect  upon  the  pure  pyrites  as  the  fprinkling  with  wa- 
ter.   The  fpontaneous  decompofition  of  thefe  fubftan- 
ces  produces  the  vitriolic  acid,  which  unites  with 
the  clay  and  forms  alum.    Thefe  efflorefcing  pyrites 
are  walhed :  They  are  left  at  feveral  times  to  depofite 
the  iron  which  the  ley  contains.    It  is  evaporated  and 
fet  to  cryftallize  in  the  vcffels.    The  fait  is  depofited  in 
big  cryftals.    A  ftrong  ley  of  the  foap-boilers  is  gene- 
rally employed  to  facilitate  the  cryftallization  of  the 
alum.    This  is  the  procefs  followed  in  feveral  manu- 
fa£t  ures :  but  the  alum  extracted  from  pyrites  always 
contains  more  or  lefs  iron ;  that  which  is  extracted  from 
the  ftones  that  naturally  contain  it,  is  always  purer  than 
the  alum  of  Rome.  Forfome  time  an  alum  has  been  made 
at  Javelle,  which  in  no  refpecl:  yields  in  goodnefs  to 
this  la(t,  and  which  might  be  employed  in  dyeing  with 
great  fuccefs. 

Alum  in  its  natural  form  is  perfectly  odlaedral,  form- 
ed of  two  tetrae'dral  pyramids  joined  by  their  bafes. 
When  expofed  to  the  fire,  it  liquefies  ;  with  a  gentle 
heat,  it  emits  a  great  quantity  of  aqueous  vapours, 
bubbles  up  much,  and  forms  a  very  voluminous  light- 
nefs  of  a  white  polifh,  and  filled  with  many  cavities. 
This,  phenomenon  is  owing,  as  it  is  in  borax,  to  the 
disengagement  of  the  water,  whofe  bubbles  gradually 
raife  and  extend  the  faline  molecules.  Alum  in  this 
rtate  gets  the  name  of  calcined  alum :  it  has  loft  a  little 
more  than  the  half  of  its  weight  ;  it  is  a  little  altered  ; 
it  reddens  the  fyrup  of  violets  ;  its  tafte  is  much  more 
confiderable  j  and  it  feems  that  its  acid  is  uncovered. 
L  If 
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If  we  diffolve  it  in  water,  a  little  earth  is  precipitated  •  it 
may  be  cryftallized ;  but,  as  M.  Beaume  has  obferved, 
it  icarcely  bubbles  up  when  calcined  anew.  If  we' 
calcine  alum  in  a  dialling  apparatus,  we  obtain  fome 
phlegm,  which  at  lalt  turns  acid ;  but  it  cannot  be  de- 
compofed  entirely,  fince  M.  Geoffroy  kept  it  in  a  retort, 
with  an  extreme  fire,  during  three  days  and  three  nights', 
without  its  fufFering  any  alteration. 

Alum  efflorefces  flightly  in  the  air,  and  lofes  the 
water  of  its  cryftals.  In  cold  water  this  fait  is  foluble 
in  a  fmall  degree  only;  fince,  according  to  M.  Beaume', 
two  pounds  of  that  fluid  can  diffolve  no  more  than  four 
gros^  of  alum  ;  but  boiling  water  diffolves  more  than 
half  its  weight  of  it.  Eight  ounces  of  water  in  this  ftate 
may  hold  diflblved  five  ounces  of  the  fait.  It  cryftal- 
lizes  very  well  by  cooling.  Its  cryftals  are  a  kind  of 
triangular  pyramids  whofe  angles  are  truncated.  When 
they  are  depofited  upon  threads  in  the  middle  of  a  fo- 
lution,  their  form  is  odae'dral,  very  regular,  whofe 
preceding  pyramids  are  only  a  half,  cut  off  obliquely. 
Alum  can  unite  with  a  greater  quantity  of  pure  (c)  clay 
than  it  contains  in  its  ordinary  ftate.'  In  that  union  it 
acquires,  as  M.  Beaume  has  found,  the  character  of 
this  earth. 

Alum  may  be  decompofed  by  magnefia  and  lime, 
which  have  a  greater  affinity  with  the  vitriolic  acid  than 
clay  has.  Lime-water  poured  into  a  folution  of  this 
neutral  fait,  precipitates  its  bafe.  The  fixed  alkalis  al- 
fo,  as  well  as  the  volatile,  have  the  property  ofdecompo- 
fing  alum.  Mild  tartar,  foda,  and  volatile  alkali,  chalk., 
and  effervefcing  magnefia,  likewife  feparate  its  bafe. 

The  earth  of  alum,  precipitated  by  thefe  different 
fubftances,  is  flocculent ;  it  is  depofited  gradually ;  it 
drjes  flowly ;  it  is  very  white,  and  decrepitates  with  the 
fire  like  the  clays.    A  flrong  heat  gives  it  a  confide- 

rable 

(c)  The  clay  Is  here  fuppofed  to  be  very  pure,  and  feparated  by 
wafhing  from  the  filiceous  earth,  which  ia  often  blended  with  it  iq 
[q  great  quaatity  as  to  conltitute  more  than  half  its  weight. 


CHEMISTRY 


table  hardnefs :  its  volume  alfo  is  greatly  diminiftied, 
and  it  has  contracted  :  it  is  not  fufible  even  with  the 
ftrongeft  fire,  as  that  of  the  lens  of  the  Infanta's  gar- 
den. It  retains  the  lafl  portions  of  water  with  fo  great 
a  force,  that  it  requires  the  mod  extreme  violence  of 
fire  to  deprive  it  of  them.  Mixed  with  water,  it  forms  a 
pafte  which  has  fome  union,  and  bakes  by  means  of 
fire  into  a  true  porcelain. 

The  aluminous  earth  then  has  all  the  characters  of 
argillaceous  earth,  as  M.  Macquer  announces,  and  it  is 
the  moft  pure  clay  which  can  be  procured. 

We  do  not  well  know  the  action  of  the  terra  pon- 
derofa,  magnefia,  lime,  and  the  pure  alkalis,  upon  the 
earth  of  alum.  It  is  probable  that  thefe  fubftances,  in 
particular  the  latter,  would  convert  it  by  the  aid  of  fire 
into  the  ftate  of  a  vitreous  frit. 

The  vitriolic  acid  eafily  diffolves  the  earth  of  alum 
when  it  is  cold  and  moift ;  when  dry,  it  diffolves  with 
difficulty.  This  folution,  made  in  the  quantity  of  fe- 
veral  ounces,  gives  cryflals  of  alum  mixed  with  fomc 
fpangles  or  fcales  refembling  thofe  of  mica.  M.  Beaume 
alfo  adds,  that  if  we  make  this  experiment  in  fmall,  we 
obtain  thefe  laft  and  no  alum. 

The  other  acids  likewife  diffolve  this  earth,  and  form 
with  it  falts  little  known;  of  which  we  will  fpeak  in  the 
following  articles. 

We  do  not  know  what  would  be  the  action  of  the 
aluminous  earth  upon  the  neutral  falts  ;  but  the  moil 
fingular  property  which  it  mows,  is  that  of  combining  to 
excefs  with  the  alum,  and  of  giving  it  new  characters. 
M.  Beaum-e,  who  difcovered- this,  boiled  a  folution  of 
alum  with  the  earth  precipitated  from  this  fait  by  the 
fixed  alkalis.  The  liquor  diflblved  the  earth  with  ef- 
fervescence. When  filtrated,  ithadno  more  thetafleof 
alum,  but  that  of  a  hard  water;  it  did  not  redden  the 
tin&ure  of  turnfol,  but  turned  the  fyrup  of  violets 
green.  By  fpontaneous  evaporation,  it  furniihed  fome 
cryftals  in  fcales,  foft  to  the  touch,  refembling  mica. 

M. 


3-02  LECTURES  ON 

M.  Beaume  compares  them  to  felenite.  It  is  not  eatv 
to  reftore  the  alum  by  adding  vitriolic  acid  to  this  fait 
already  faturated  with  its  earth ;  the  mixture  then  is 
acid  without  aftringency.  However,  by  a  fpontaneous 
evaporation  of  three  months,  the  folution  yielded  cry. 
ftals  of  alum  mixed  with  fome  micaceous  fpangles,  fi- 
imlar  to  thofe  which  alum  furnifhes  when  faturated  with 
its  earth.  This  is  the  fubflance"  of  the  refcarches  of 
M.  Macquer  and  Beaume  about  the  earth  of  alum. 

Alum,  expofed  to  the  fire  along  with  combuftible 
matters,  forms  a  fubftance  which  takes  fire  with  the  air, 
called  pyrophorus  of  Homberg.    This  chemift,  who  made 
it  known  anno  1711,  employed  himfelf  in  refearches 
about  human  fasces,  with  a  view  to  extract  a  white  oil 
having  the  property  of  fixing  mercury  into  fine  filver. 
This  work  was  the  origin  of  feveral  difcoveries.    A  re- 
fiduum  of  this  matter,  diftilled  with  alum,  took  fire 
with  the  air.    Homberg  repeated  this  procefs  feveral 
times,  and  always  fucceeded.    Annis  1 7 14  and  171 5, 
Lemery  the  younger  publifhed  two  memoirs  j  in  which 
he  announced,  that  pyrophorus  might  be  made  with  a 
great  number  of  vegetable  and  animal  matters  heated 
with  alum  ;  but  he  did  not  fucceed  in  forming  it  with  fe- 
veral other  vitriolic  falts.  Thefe  two  chemifts,  who  re- 
garded alum  as  a  combination  of  the  vitriolic  acid  with 
calcareous  earth,  thought  that  this  laft,  reduced  to  the 
ftate  of  lime,  attracted  the  humidity  of  the  air;  and,  by 
the  heat  that  was  raifed  in  the  mixture,  fet  fire  to  the 
fulphur  which  they  knew  to  be  formed  in  it. 

Since  the  time  of  thefe  two  chemifts,  M.  le  Jay  de 
Suvigny,  doctor  of  medicine,  has  given  a  very  good 
memoir  upon  pyrophorus,  which  is  inierted  among 
thofe  of  the  third  volume  of  the  Savans  Etrangeres. 
There  he  gives  a  detail  of  a  great  number  of  experi- 
ments, by  which  he  came  to  make  pyrophorus,  not 
only  with  alum  and  different  combuftible  matters,  as 
Lemery  had  done,  but  even  with  the  moil  part  of  the 
falts'  containing  the  vitriolic  acid.    This  phyfician  lias 
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alfo  given  a  theory  on  the  inflammation  of  the  pyropho- 
rus  by  the  air,  which  has  been  adopted  by  all  the  che- 
mifts  down  to  thefe  latter  times.  He  thinks  that  the 
pyrophorus  contains  the  oil  of  vitriol  in  a  glalTy  form, 
which  attracts  the  humidity  of  the  air ;  and,  being 
ftrongly  heated  by  it,  fets  fire  to  the  fulphur,  and  pro- 
duces fpontaneous  inflammation. 

Pyrophorus  is  prepared  by  burning  in  an  iron  laddie 
three  parts  of  alum  with  one  of  fugar,  honey,  or  flour. 
This  mixture  is  dried  until  it  grows  black,  and  no 
longer  bubbles  up;  then -it  is  pounded,  and  put  into  a 
matrafs  or  phial  luted  with  earth  :  this  vefTel  is  placed 
in  a  crucible,  and  furrounded  with  fand:  it  is  heated 
until  a  blue  flame  iflue  out  of  the  mouth  of  the  phial ; 
and  when  it  has  burnt  for  fome  minutes,  the  crucible  is 
taken  from  the  fire :  it  is  left  to  cool,  and  the  pyro- 
phorus which  it  contains  is  put  into  a  phial  which  com- 
pletely excludes  the  air.  If  this  pyrophorus  be  expofed 
to  the  air,  it  foon  takes  fire,  in  proportion  to  the  greater 
or  lefs  moifture  of  the  atmofpfhere.  Its  combuftion  is 
promoted  by  directing  a  moift  vapour,  as  that  of  the 
breath,  to  its  furface.  The  pyrophorus  mult  not  be 
too  long  heated  ;  without  this  precaution,  it  no  longer 
takes  fire  by  the  air.  It  is  gradually  loaded  with 
humidity  when  kept  in  an  untight  vefTel,  and  lofes  its 
combultibility,  which  may  be  reftdred  by  a  new  calci- 
nation. 

This  is  all  the  knowledge  we  had  of  pyrophorus  be- 
fore M.  Prouft,  Journal  de  Medicine,  July  1778.  This 
chemilt  having  had  occalion,  in  his  experiments,  to 
find  a  great  number  of  refiduums  of  pyrophorus  in 
which  he  could  not  fufpect  the  exiitence  of  the  vitriolic 
acid,  imagined  that  this  acid  is  not  the  caufe  of 
the  fpontaneous  inflammation  of  pyrophorus.  He 
proved,  by  a  very  fimple  experiment,  that  this  com- 
buflible  fubfl ance  does  not  in  reality  contain  an  atom  of 
it  in  the  pound  ;  fince  by  pouring  fome  water  on  py- 
rophorus, no  heat  is  produced.    After  the  enumeration 
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of  the  different  pyrophori  which  he  obtained,  it  ap. 
pears,  that  all  the  fubflances  which,  after  being  de- 
compofed,  leave  a  charry  refiduum  divided  by  an  earth 
or  a  metallic  calx,  are  fufceptible  of  inflammation  by 
the  contact  of  air.  But  we  cannot  agree,  that  that  part 
of  his  work  which  M.  Proull  made  known  mows  the 
caufe  of  the  inflammation  of  Homberg's  pyrophorus, 
which  according  to  him  differs  from  thofe  he  obferved ; 
and  indeed  his  memoir  contains  nothing  concerning 
the  compofition  of  this  fubflance. 

Mr  Bewly,  an  Englifh  furgeon,  in  a  letter  written 
to  Dr  Prieftley,  afcribes  the  inflammation  of  pyrophorus 
to  a  fubflance  which  it  contains,  capable  of  attracting 
the  nitrous  acid  from  the  atmofphere.  The  reafon  of 
his  opinion  is,  becaufe  he  difcovered  that  the  fpirit  of 
nitre  inilantly  inflames  a  pyrophorus  which  has  not  been 
enough  calcined,'  or  which  is  loaded  with  humidity. 
But  he  has  not  demonftrated,  on  the  one  fide,  that  the 
nitrous  acid  is  contained  in  the  atmofphere;  and,  on  the 
other  fide,  M.  Proufl  difcovered,  that  the  inflammation 
of  pyrophorus  by  means  of  fpirit  of  nitre  is  owing  to  the 
charcoal  contained  in  that  fubflance ;  for  this  acid  de- 
tonates with  all  the  charry  matters  when  very  dry  and 
divided,  as  we  will  mention  more  at  large  in  the  article 
on  Charcoal.  The  explanation  of  Bewly,  then,  is  not 
more  fatisfactory  than  that  of  the  chemiils  who  preceded 
him. 

The  only  way  of  difcovering  the  caufe  of  this  phenome- 
non, is  to  know  well  the  chemical  nature  of  Homberg's 
pyrophorus ;  but  we  have  not  yet  a  complete  analyfis  of 
that  fubftance.  It  appears  that  it  contains  the  earth 
of  alum ;  a  very  divided  charry  matter,  furnifhed  by  the 
honey,  fugar,  &c.  a  little  fixed  alkali,  and  fome  fulphur 
united  in  part  to  the  earth  of  alum  and  in  part  to  the 
fixed  alkali.  By  heating  fome  pyrophorus  flrongly  in 
a  pneumato-chemical  apparatus,  a  great  quantity  of  ' 
hepatic  gas  is  extracted  :  when  no  more  can  be  ex- 
tracted, it  no  longer  inflames  by  the  air.  If  we  im- 
n  merfe 
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merfe  fome  pyrophorus  into  pure  or  dephlogifticated 
air,  it  burns  rapidly  with  a  very  brilliant  red  flame.  By 
warning  it  with  hot  water  we  extract  a  true  liver  of 
fulphur,  and  there  remains  on  the  filt're  the  charry 
matter  and  earth  of  alum.  The  pyrophorus  is  then 
decompofed.  When  the  pyrophorus  has  ceafed  to 
burn,  it  has  increafed  in  weight  in  confequence  of  the 
pure  air  which  it  has  abforbed.  Its  ley  then  furuifhes 
alum,  becaufe  the  fulphur  has  formed  with  the  air  a 
vitriolic  acid  which  has  united  with  the  earth  of  alum  ; 
but  this  fait  is  alum  faturated  with  its  earth. 

M.  Pilaftre  de  Rofier,  in  the  Phyfical  Journal,  No- 
vember 1780,  has  given  fome  obfervations  upon  pyro- 
phorus, in  which  he  announces,  1 .  That  this  fub(tance 
owes  its  combuftibility  to  a  certain  quantity  of  phof- 
iphorus  formed  by  the  acid  of  the  mucous  matters: 
2.  That  the  diftillation  of  pyrophorus  furnifhes  in  the 
jounce  from  five  to  feven  grains  of  phofphorus:  3.  That 
we  may  inltantly  make  it  by  triturating  in  an  iron 
mortar  fifty-five  grains  of  flowers  of  fulphur,  thirty-fix 
pf  charcoal  of  willows,  and  three  grains  of  ordinary 
piofphorus.  The  details  of  the  analyfis  made  by  this 
chemift  do  not  exaclly  correfpond  with  the  refults 
which  he  gives,  having  made  no  mention  of  his  ex- 
tracting any  phofphorus.  As  for  the  reft  of  this  me- 
moir, feveral  interefting  facls  are  there  taken  notice  of, 
tuch  as  would  be  ufeful  to  chemifts  who  would  attempt 
in  analyfis  of  pyrophorus. 

Alum  is  of  very  extenfive  ufe.  It  is  ufed  in  medi- 
cine as  an  aitringent;  but  its  internal  adminiftration 
requires  many  precautions.  It  is  very  often  ufed  exter- 
nally as  a  ftyptic  remedy  and  powerful  deficcative.  It 
paters  into  the  compontion  of  collyria,  gargarifms, 
blatters,  &c.  Alum  is  the  moft  ufeful  faline  fubftance 
employed  in  the  arts.  The  csftidlemakers  mix  it  with 
:he  tallow  to  render  it  firmer.  The  printers  rub  their 
balls  with  calcined  alum  to  make  them  take  on  the  ink. 
Wood,  impregnated  with  a  folution  of  alum,  burns 
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with  difficulty  :  hence  it  has  been  propofed  as  a  mean- 
to  fecure  buildings  againft  fire. 

The  bleachers  throw  a  little  alum  into  their  turbic, 
water  to  make  it  clear.    M.  Beaume  fuppofes  that  thii 
fait  charges  itfelf  with  a  part  of  the  earth  fufpended  ir 
the  fluid,  and  precipitates  with  it  by  forming  an  info 
luble  compound.     Some  perfons  ufe  this  means  t« 
purify  and  render  clear  the  water  which  they  want  to; 
drink.    It  is  ufed  to  prepare  leathers,  and  to  impreg- 
nate papers  and  cloths  which  are  to  receive  colour  b\ , 
the  aid  of  impreffion.    A  folution  of  alum  retards  ind 
putrefaction  of  animal  fubftances.  It  is  a  very  goodandi 
very  ceconomical  way  to  preferve  the  natural  produc- 
tions imported  from  foreign  countries.    The  earth  oji 
alum  makes  the  bafe  of  the  crayons,  and  gives  them: 
confidence.  Laftly ,  it  is  the  foul  of  dyeing,  as  M.  Macquei 
expreffes  it.   It  increafes  the  brightnefs  and  intenfity  ob 
the  colours:  it  gives  folidity  to  the  extracted  colouring 
parts;  which,  without  it,  would  not  be  durable,  amid 
would  be  wafhed  out  by  the  water. 

Species  2.    Argillaceous  Nitre,  or  Nitrous  Alum. 

M.  Beaume  fays,  that  the  nitrous  acid  completely! 
diffolves  the  earth  of  alum.  The  folution  is  limpid,  j 
and  much  more  aftringent  than  that  of  common  alum. 
By  fpontaneous  evaporation,  it  affords  fmall  pyramidaw 
cryftals  very  ftyptic.  The  other  properties  of  this  fait : 
have  not  as  yet  been  examined.  We  know  only  thaw 
it  is  decompofed  by  the  fame  fubftances  as  common  \ 
alum.  M.  Bucqet  fays,  that  it  is  very  deliquefcent.  It  \ 
has  never  been  found  in  nature,  and  is  always  a  pro-  \ 
duttion  of  art. 

Species  3.    Argillaceous  Marine  Salt. 

The  marine  acid  diflbives  the  earth  of  alum  better  j 
than  the  nitrous  acid  does.    This  folution,  when  fatu- 1 
rated,  is  gelatinous;  it  cannot  be  filtrated  except  when  | 
largely  diluted  -7  its  tafte  is  faline  and  ftyptic  -f  it  red- 
dens j 
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dens  the  fyrup  of  violets,  and  afterwards  turns  it  green. 
By  fpontanepus  evaporation,  it  yields  very  ftyptic  cry- 
ftals,  whofe  form  has  not  been  examined.  Lime-water 
decompofes  it.  It  is  deliquefcent.  It  has  always  been 
hitherto  a  production  of  art.  Its  other  properties  arc 
unknown. 

Species  4."   Borax  with  Bafe  of  Clay. 

The  combination  of  fedative  fait  with  earth  of  alum* 
which  we  call  borax  with  bafe  of  clay,  and  which  we 
might  alio  defign  by  the  name  of  aluminous  borax,  has 
not  been  as  yet  examined.  We  know  only,  that  if  wc 
pour  a  folution  of  borax  into  one  of  alum,  a  light  floc- 
culent  precipitate  is  formed.  The  vitriolic  acid  leaves 
the  clay  to  unite  with  the  mineral  alkali  of  the  borax. 
The  clay  combines  with  the  fedative  falt>  which  is  at 
the  fame  time  feparatcd  ;  and  this  new  fait  is  gradually 
redilfolved.  This  liquor  being  afterwards  precipitated 
by  the  fixed  alkali  by  evaporation,  gives  a  vifcous 
aftringent  mafs,  in  which  Glauber's  fait  and  argillaceous 
borax  is  confounded.  This  kind  of  borax  is  deconu 
pofed  by  the  fame  intermedia  with  alum. 

Species  5.    Sparry  Clay. 

We  give  this  name  to  the  fparry  acid  united  to  pure 
clay  or  to  the  earth  of  alum.  This  neutral  fait  is  not 
known,  and  has  not  been  at  all  examined. 

Species  6.    Aerial  Clay, 

The  union  of  the  aerial  acid  with  clay  has  been  only 
fufpe&ed.  It  is  certain,  however,  that  this  acid  combines 
with  aluminous  earth;  fince,  according  to  the  remark 
of  M.  Bergman,  when  we  precipitate  a  folution  of  alum 
by  the  aerial  alkali,  the  liquor,  filtrated,  depofites  in  a 
little  time  a  fmall  quantity  of  eartjh  which  was  diffolved 
in  it  by  the  aerial  acid,  and  which  feparates  according 
as  this  laft  is  diffipated.  It  was  publifhed,  that  Achard, 
a  celebrated  chemift  of  Berlin,  had  fucceeded  in  cry- 

U  2  ftallizingf 


LECTURES  ON 


ftallizing  the  earth  of  alum  by  means  of  water  impreg- 
nated with  aerial  acid,  which  flowly  parted  over  it  in  a 
very  ingenious  apparatus;  Journal  dePbyftque,  Janvier 
1778.  M.  Magellan  prefented  to  the  academy  a  very 
fine  and  very  regular  cryftal,  which  had  the  form  and 
hardnefs  of  rock  cryftal,  and  which,  he  fays,  had  been 
formed  by  thefe  two  fubftances :  but  as  this  experi- 
ment, repeated  by  M.  Briffon,  Cadet,  and  Fontanieu, 
did  not  fucceed,  and  as  M.  Achard  has  fince  that  time, 
publifhed  nothing  upon  the  fubjed,  we  cannot  as  yet 
take  any  fide  with  regard  to  this  difcovery. 

Genus  VI.  Neutral  Salts  with  Bafe  of  Terra  Ponderofa. 
Species  1.    Heavy  Spar. 

The  weighty  fpar,  hitherto  looked  upon  as  a  ftone, 
becaufe  it  has  neither  tafte  nor  folubility,  is  the  com- 
bination of  the  terra  ponderofa  with  the  vitriolic  acid. 
This  fpar  has  been  confounded  with  the  fparry  fiuor  by 
many  naturalifts :  and  indeed  it  has  the  fame  fracture, 
and  does  not  effervefce  more  with  the  acids ;  but  its 
form,  its  little  tranfparence,  and  chiefly  its  extreme 
weight,  make  it  very  eafily  diftinguifhed.  A  chemical 
character  alone  even  fuffices  to  diftinguifh  it.  If  we 
pour  a  little  oil  of  vitriol  upon  it  reduced  to  powder, 
this  acid  moiftens  it  without  drawing  from  it  either 
vapour  or  fmell ;  whilft  the  fparry  fkior,  treated  in  the 
fame  way,  gradually  emits  a  gas  of  a  pungent  odour  in 
a  white  fmoke,  when  it  comes  in  contact  with  the  air, 
and  which  is  very  foon  found  to  be  the  fparry  acid. 

The  weighty  fpar  is  found  in  great  quantities  in  na- 
ture ;  for  the  moft  part  it  accompanies  metallic,  mines. 
It  is  either  cryitallized  of  in  fhaplefs  malfes  ;  but  al- 
ways di.fpofed  in  beds,  which  are  more  or  lefs  thick,- 
and  more  or  lefs  extenfive.-  It  is  very  confiderably 
hard,  although  it  does  not  ftrike  fire  with  fteel.  Its- 
principal  varieties  are  the  following. 

1.  White  heavy  fpar,  femitranfparent,  cryflallizedr- 
in  priims  with  fix  fides,  two  very  large,  four  very 
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ftnall,  terminated  with  two-fided  tops.  Thefe  cryftals 
are  placed  obliquely  on  maffes  of  the  fame  nature. 
They  refemble  long  fquare  plates,  whofe  four  fides 
would  have  been  cut  en  bijeaii  on  every  fide.  They 
are  often  covered  with  yellow  rhomboidal  cryftals. 

2.  Weighty  fpar,  of  a  milky  white,  in  tables.  It  is 
not  cryftallized,  but  formed  of  very  thick  layers,  placed 
like  boards  one  upon  another.  It  is  entirely  incrufted 
with  a  red  powder,  and  with  a  redifh  mineral  of  filver. 

a.  Weighty  fpar  rounded,-  fomewhat  refembling  cats- 
eye  ftones :  Bolognian  ftone.  It  is  formed  of  feveral 
converging  filaments,  which  unite  into  laminae,  applied 
to  one  another.  It  is  this  Variety  which  is  the  moil 
known  becaufe  of  its  phofphoric  property. 

4.  Octaedral  weighty  fpar.    It  has  the  cryftallization 
of  alum  j  the  tops  of  the  pyramids  are  often  truncated,  ■ 
and  hence  put  on  a  ten-fided  form. 

5.  Twelve-fided  weighty , fpar ;  it  has  the  form  of 
certain  grenats  and  of  fome  pyrites. 

6.  Pyramidal  weighty  fpar.    This  variety  as  well-  as 
the  preceding  is  fliown  in  the  table  of  M.  Daubenton. 

7.  Weighty  fpar  in  fma'l  fcaly  rhomboidal  cryftals  ; 
pearled  fpar.  This  variety  has  been  placed  among 
the  fpars  of  felenite,  like  mod  of  the  preceding.  It 
is  formed  of  fmaB  rhomboidal  fcales,  frequently  bril- 

iliant,  which  lie  obliquely  upon  one  another.  This  fpar 
is  opaque,  brilliant  like  mica,  and  as  if  ibwn  upon  the 
calcareous  fpar,  upon  quartz,  or  upon  the  firft  variety 
which  we  have  described .    It  is  of  a  yellow  or  dirty 

: green  hue;  it  is  fometimes  of  a  Elver  whitenefs. 

M.  Margraaf,  who  has  examined  feveral  varieties  of 
this  fpar,  as  the  ftone  of  Boulogne,  and  opaque  white 
1  fpar,  fuppofed  it  a  true  felenite,  mixed  with  a  little  clay, 
E  which,  he  faid,  rendered  it  infoluble ;  but  M.  Gahn, 
Scheele,  and  Bergman,  have  found" the  particular  earth 
of  it,  which  they  have  called  terra  pondercfa.   M.  Mon- 
-  net,  Journal de  Fbyftque,  torn.  vi.  p.  214.  has  alio  difco* 
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vered  m  it  a  different  bafe  from  that  of  the  calcareous 
earth  by  the  falts  which  it  forms  with  acids:  but  this 
chemift  admits  fulphur  to  be  already  formed  in  it,  and 
looks  upon  the  weighty  fpar  to  be  an  earthy  liver  of  ful- 
phur cryitallized. 

The  terra  ponderofa  fufes  with  a  violent  heat,  fuch  as 
that  of  the  ovens  for  baking  porcelain,  &c.  It  gives  a 
glafs  more  or  lefs  coloured.  Expofed  to  a  gentle  hear, 
it  is  noways  altered.  If  we  carry  it  into  a  dark  place, 
after  it  has  been  heated,  it  emits  a  bluifti  and  verY  bright 
light.  J  6 

Much  has  been  faid  of  the  phofphorus  of  Bologne, 
made  with  the  ftone  of  this  country,  variety  3.  It 
may  be  alfo  prepared  from  all  the  other  varieties  of  this 
fpar.  For  this  purpofe,  it  is  pounded  and  formed  into 
cakes,  which  are  calcined  above  charcoal.  Thefe  cakes 
lhine  in  the  dark  and  even  in  water  :  by  little  and  little 
they  lofe  this  property,  which  may  be  reftored  by  heat- 
ing them  again.  But  many  other  fubftances  prefent 
the  fame  phenomenon  j  magneiia,  clay,  felenite,  the 
vitreous  or  fparry  fluor,  become  luminous  after  being 
heated. 

The  weighty  fpar,  heated  in  a  retort,  gave  nothing  to 
M.  Margraaf.  This  learned  chemift  obferved,  that^he 
weighty  fpar  is  not  at  all  altered  by  this  operation. 

This  fait  is  perfeftly  infoluble  in  water.  The  earthy 
and  faline  earthy  matters  have  no  action  upon  it :  the 
pure  fixed  alkalis  cannot  decompofe  it ;  and  this  is  the 
moft  Angular  property  which  it  exhibits.  The  other  earthy 
and  faline  earthy  fubftances,  to  be  fure,  have  lefs  affinity 
with  the  vitriolic  acid  than  the  alkalis  have.  The  terra 
ponderofa,  on  the  contrary,  has  more  affinity  with  acids. 
We  have  obferved  alfo,  that,  according  to  M.  Bergman, 
this  earth  decomposes  Glauber's  fait  and  vitriolated 
tartar.  It  is  the  fame  cafe  with  the  volatile  alkali.  The 
mineral  acids  have  no  action  on  the  heavy  fpar,  becaufe 
the  vitriolic  acid  has  the  ftrongeft  adhefion  of  them  all 
to  the  earth,  which  is  the  bafe  of  this  fpar.  The  neutral 
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I  falts  do  not  alter  it,  except  aerated  tartar  and  aerated  foda. 
iTheie  two  faline  fubftances  decompole  it  by  means  of  the 
[double  affinities.   The  terra  ponderofa  is  feparated  from 
Ithe  vitriolic  acid,  becaufe  it  is  atfrafted  by  the  aerial 
lacid  at  the  fame  time  that  the  fixed  alkali  joins  with  the 
(vitriolic  acid.    To  effefl:  this  decomposition,  we  expofe 
[to  a  ftrong  heat  in  a  crucible  a  mixture  of  two  parts 
[of  fixed  fait  of  tartar  or  aerated  tartar,  and  one  part  of 
[heavy  fpar  reduced  to  powder.    We  warn  this  matter, 
which  is  femivitrefied,  in  diftilled  water  ;  we  filtrate  the 
liquor,  and  obtain  by  evaporation  vitriolated  tartar. 
The  fubftance  remaining  on  the  filtre  is  the  weighty 
earth :  it  is  walhed  with  plenty  of  water  to  purify  it  well ; 
and  we  find  it  in  the  form  of  a  very  white  fine  powdery 
fubftance,  but  impure,  becaufe  it  is  united  with  the 
aerial  acid. 

The  combuftible  fubftances  having  the  ^property  of 
decompoling  the  weighty  fpar,  may  alfo  be  employed  to 
obtain  its  bafe.    It  is  expofed  in  powder  to  the  fire  in 
a  crucible,  with  an  eighth  of  its  weight  of  -powder  of 
[charcoal:  the  crucible  is  kept  red  for  a  full  hour ;  then 
lit  is  taken  from  the  fire,  and  the  matter  poured  into  di~ 
Iftilled  water.    The  water  inflantly  acquires  a  yellow 
:reddifh  colour,  and  has  all  the  characters  of  a  folution  of 
liver  of  fulphur.  This  is  what  happens:  The  acid,  which 
has  feized  on  the  phlogifton  of  the  charcoal,  or  which 
has  been  deprived  of  its  air  by  the  combuftible  body, 
pormed  fulphur,  which  the  terra  ponderofa  has  di  Solved. 
[The  liquor  is  precipitated  by  means  of  an  acid.  We 
make  ufe  of  the  marine  acid,  becaufe  with  this  earth 
it  forms  a  foluble  fait,  whilft  the  vitriolic  would  repro- 
duce the  heavy  infoluble  fpar.  We  filtrate  the  liquor  de- 
compofed  by  the  marine  acid  :  the  fulphur  feparated  by 
this  acid  remains  on  the  filtre;  and  the  filtrated  water 
retains  in  folution  the  marine  fait  with  bafe  of  terra 
ponderofa.    It  is  decompofed  by  a  folution  of  aerated 
tartar;  and  the  terra  ponderofa  is  precipitated,  united 
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with  the  aerial  acid,  from  which  it  cannot  be  feparated 
by  calcination,  as  we  will  mention  in  another  article 

We  fee  from  thefe  two  proceffes,  as  alfo  from  the  exa- 
mination of  all  the  properties  of  the  weighty  fpar,  how 
much  the  earth,  or  the  feline  earthy  fubftance  which 
confutes  its  bafe,  differs  from  thofe  we  are  acquainted 
with,  of  clay,  lime,  and  magncfia. 

'     Species  2.    Nitre  with  bafe  of  Terra  Ponder ofa.  j 

The  nitrous  acid  eafily  unites  with  the  terra  pon- 
derofa,  a  neutral  fait  refulting  from  their  combination  ; 
which,  according  to  M.  D'Arcet,  gives  either  thick 
hexagonal  cryftals,  or  fmall  irregular  cryftals. 

Nitre  with  bafe  of  terra  ponderofa  is  decompofed  by 
the  fire.^  It  attra&s  humidity  from  the  air ;  and  never- 
thelefs  it  requires  a  very  great  quantity  of  water  to 
keep  it  in  fcjlution.  The  pure  alkalis  do  not  decom- 
pofe  it.  The  vitriolic  acid  poured  into  its  folution. 
niftantly  precipitates  it.  The  fparry  acid  alfo  feizes  on 
its  bafe.  The  aerated  alkaline  neutral  falts  decompofe  it 
by  a  double  affinity.    As  yet  it  is  very  little  known. 

Species  3.     Marine  Salt  with  bafe  of  Terra  Fonda-, 

rofa. 

_  This  fait  has  been  as  little  examined  as  the  prece- 
ding. M.  Bergman  fays,  that  it  is  fufceptible  of  cryftal- 
lizing,  and  that  it  does  not  diffolve  bat  with  difficulty: 
and  faftly,  that  it  may  be  decompofed  likewife  by  the 
vitriolic  and  fparry  acids. 

In  his  difTertation  on  the  analyfis  of  waters,  he  puts, 
this  fait  among  the  number  of  the  mod  powerful  agents ; 
and  he  propofes  it  as  the  reft  for  difcovering  the  fmalleft 
poffible  quantity  of  vitriolic  acid  contained  in  a  mineral 
water.  One  or  two  drops  of  a  folution  of  this  fait 
poured  into  a  Swedifh  can,  which  is  two  pints  and  three 
fourths  Paris,  of  water,  charged  with  1  2  grains  of  Glau- 
ber's fait  cryftallized,  very  foon  produce  in  it  white 
ftrise  of  the  heavy  fpar,  formed  by  the  double  decom- 

pofition 


CHEMISTRY*  313 

pofition  of  thefe  two  falts,  and  by  the  tranfpofition  of 
the  vitriolic  acid  to  the  terra  ponderofa.  Some  ma- 
rine fait  remains  diifolved  in  the  liquor. 

Species  4.    Borax  with  bafe  of  Terra  Ponderofa. 

We  are  quite  unacquainted  with  this  combination  of 
the  fedative  fait  with  terra  ponderofa. 

Species  5.    Terra  Ponderofa  combined  with  the  Sparry 

Acid. 

This  fait  is  not  more  known  than  the  preceding; 
and  is  an, object  of  inquiry  abfolutely  new,  as  well  as 
many  other  faline  matters  which  have  not  yet  been 
examined,  and  about  which  the  fcarcity  of  facts  has 
rendered  our  difcourfes  very  brief. 

Species  6.    Aerated  Terra  Ponderofa. 

Terra  ponderofa  is  fufceptible  of  uniting  with  the 
aerial  acid ;  from  which  union  a  kind  of  neutral  fait 
arifes,  prefenting  particular  properties,  and  feemingly 
poffeffing  fome  relation  to  chalk. 

We 'have  already  obferved,  that  it  is  by  means  of  the 
affinity  of  the  terra  ponderofa  with  the  aerial  acid  that 
the  heavy  fpar,  and  in  general  all  falts,  with  this  earth 
as  a  bafe,  are  decomposed  with  the  aerated  alkalis.  In 
thefe  decpmpofitions  fome  aerated  terra  ponderofa  is 
always  precipitated.  This  kind  of  neutral  fait  is  alfo 
prepared  by  expofing  to  the  air  a  folution  of  this  pure 
earth;  the  furface  is  gradually  covered  with  a  pellicle, 
which  effervefces  with  acids,  and  which  acquires  this 
property  from  the  earth  being  charged  with  the  aerial 
acid  of  the  atmofphere. 

This  fait  expofed  to  the  fire  lofes  its  acid.  -  If  we 
heat  it  in  a  pneumato- chemical  apparatus,  the  acid  is 
obtained  in  its  natural  form  of  a  gas.  However,  the 
Jafl  portions  are  feparated  with  great  difficulty,  and  not 
without  an  exeeflive  heat. 

All 
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All  the  mineral  acids  decompofe  this  fait,  and  fepa- 
rate  the  chalky  acid;  which  produces  a  brifk  effervef- 
cence,  that  diftinguimes  it  from  pure  terra  ponderofa. 
M.  Bergman  eftimates,  that  this  fait  contains  per  quintal,' 
7  parts  of  aerial  acid,  65  of  terra  ponderofa,  and  8  of 
water. 

Water  with  very  great  difficulty  diffolves  the  aerated 
terra  ponderofa  ;  but  if  the  water  be  charged  with 
aerial  acid,  it  diflblves  about  a  1 550th  part  of  its  weight. 
From  this  we  fee,  that  the  aerial  terra  ponderofa  is  lefs 
foluble  than  when  it  is  pure  and  cauftic ;  fince,  in  this 
laft  ftare,  water  can  diffolve  about  a  900th  of  it,  accord- 
ing to  the  eftimate  made  by  M.  Bergman.  It  then  very 
nearly  refembles  chalk,  fince,  like  it,  it  is  precipitated 
in  proportion  to  the  evaporation  of  the  aerial  acid 
united  with  the  water  which  diflblves  it.  For  the  reft, 
it  differs  from  it  in  a  great  number  of  other  properties, 
and  particularly  in  the  falts,  which  it  forms  with  the 
other  acids  (c). 

L  E  C- 

(<r)  Before  taking  leave  of  the  faline  fubftances,  it  maybe  proper 
to  enumerate  the  properties  of  fome  new  difcovered  acids,  although 
all  their  qualities  have  not  yet  been  thoroughly  inveftigated. 

Acid  of  Sorrel. 

Salt  of  forrel  contains  vegetable  alkali,  faturated  with  a  fuperr 
abundant  quantity  of  acid,  in  the  fame  way  as  tartar  is.  The  vi- 
triolic, nitrous,  and  marine  acids  attract  the  alkaline  bails;  but  it  is 
very  difficult  to  free  the  acid  from  them  afterwards.  Chalk  abforbs 
both  the  free  and  faturated  acid  ;  but  it  is  impoffible  afterwards  to 
feparate  it  by  means  of  the  vitriolic.  Mr  Scheele  employs  another 
method  ;  he  adds  volatile  alkali,  which  faturates  all  the  free  acid  ;  he 
next  mixes  terra  ponderofa,  which  difplaces  the  alkali,  forming  an 
infoluble  neutral  fait.  The  vitriolic  acid  feparates  the  terra  ponde- 
rofa, fctting  the  oxaline  acid  at  liberty.  This  acid  has  not  been 
much  examined.  It  refembles  acid  of  fugar,  more  than  acid  of  tar- 
tar, though  in  many  refpecls  it  is  different. 

Acid  of  Citrons. 

Although  the  acid  of  citrons  has  been  long  known,  it  has  been 
but  little  noticed.  The  expreffed  juice  being  allowed  to  ftibfide 
fome  time,  is  freed  from  all  mucus  and  fcculx  ;  and  the  water  being 
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LECTURE  XXIV. 
Third  Class  0/"  Mineral s. 
COMBUSTIBLE  SUBSTANCES. 

"fTTE  have  already  fpoken  of  Combujlion  in  the 
W    hiftory  of  Air.    The  order  which  we  have 
adopted,  requires  that  we  recapitulate  briefly  what 

we 

congealed  by  froft,  the  acid  is  obtained  in  a  ftate  of  concentration. 
Stahl  afferts,  that  this  acid,  faturated  with  crabs  eyes,  will,  by  the 
addition  of  fome  fpirit  of  wine,  be  at  lalt  converted  into  vinegar. 

Acid  of  Benzoine. 

This  refin  contains  an  acid  which  is  eafily  obtained  by  fublima- 
mation,  but  which  may  be  extracted  in  a  much  purer  ftate  by  the 
addition  of  lime-water,  employing  marine  acid  to  decompofe  the 
combination.  This  fait  is  foluble  in  24  times  its  weight  of  boiling 
water,  but  requires  500  at  a  moderate  heat.  It  diffolves  in,  fpirit  of 
wine  either  hot  or  cold.  It  is  entirely  refolved  into  white  vapours 
by  heat,  though  it  cannot  be  kindled  by  the  approach  of  an  ignited 
body. 

Acid  of  A  viler. 

Upon  the  diftillation  of  amber,  a  volatile  cryftallized  acid  comes 
over  along  with  the  oil  and  acetous  liquor.  This  acid  may  be  pu- 
rified, in  fome  degree,  by  folution  and  cryftallization.  It  more 
nearly  refembles  the  vegetable  than  the  mineral  acids.  It  forms 
neutral  cryftallizable  falts  with  the  fixed  alkalis,  calcareous  earths, 
and  clay.  The  combination  of  magnefia  is  of  a  gummy  confidence. 
The  metallic  fubftances,  properly  dephlogiilicated,  are  diflolved, 
and  in  general  yield  permanent  cryftals.  The  calcareous  earths 
and  magnefia  take  the  acid  of  amber  from  the  fixed  alkali. 

Acids  from  Milk. 

To  obtain  the  acid  from  milk  coagulated  by  fpontaneous  acef- 
cepcy,  we  evaporate  the  ferous  liquor  till  only  one- eighth  of  the 
original  bulk  remain.  This  relidutim  is  to  be  faturated  with  calca- 
reous earth,  to  fcparate  the  calx  phofphorata ;  the  acid  of  fugar  is  next 
employed  to  carry  down  the  diffolved  calcareous  earth;  and  at  Lift 
the  acid  is  purified  from  the  fugar  of  milk,  mucilage,  and  fixed 
alkali,  by  the  addition  of  highly  reaified  fpirit  of  wine.  This  acid 
r.ay  be  changed  into  the  nature  of  vinegar.    There  is  another  di- 
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we  have  delivered  on  this  fubjecT:.  According  to  Stahl, 
a  combuftible  body  is  a  compound,  which  contains* 
fixed  fire  or  phlogifton.  According  to  his  theory, 
combultion  is  only  the  reparation  of  this  fixed  fire,  and' 
converfion  of  it  into  free  fire  ;  a  reparation  which  is 
manifefted  by  light  and  heat.  M.  Macquer  has  greatly 
increafed  the  probability  of  this  fyftcm,  by  fubflituting, 
in  the  room  of  the  phlogifton  of  Stahl,  the  exiftence  of 
which  can  no  way  be  demonftrated,  light,  which  exifts 

with 

flincl  acid  obtained  from  the  fugar  of  milk  :  100  parts  of  this  fugar 
contains  I 5^  parts  of  common  acid  of  milk,  and  23^  of  a  peculiar 
acid.  This  acid  is  obtained  in  the  form  of  a  white  concrete,  of 
difficult  fohition  in  water,  requiring  about  60  parts  to  one.  It 
forms  more  foluble  compounds  with  the  fixed  alkali  j  but  thofe  with 
the  earth  can  hardly  be  diffolved  in  water. 

Acid  of  Ants. 

Ants  by  maceration  and  exprefilon  give  out  ah  acid,  which  bears 
fome  refemblance  to  vinegar.  It  differs,  however,  in  forming  deli- 
qucfcent  falts  with  magnefia,  iron,  and  zinc. 

The  acid  of  ants  may  be  entirely  converted  into  a  vapour,  confin- 
ing of  aerial  acid  and  inflammable  air. 

Acid  of  Suet. 

W hen  fuet  is  repeatedly  diflilled,  two  pounds  of  it  yield  an  acid, 
whofe  properties  are  not  diftinctly  known. 

Acidum  Pedatum. 

When  human  urineis  evaporated,  two  kinds  of  falts  cry ftallize  ; 
the  microcofmic  fait,  and  another  containing  a  particular  acid.  It 
has  mineral  alkali  for  its  bafis,  which  makes  it  difficult  to  feparate 
the  acid  in  a  pure  ftate,  even  by  the  addition  of  fpirit  of  wine. 

Acid  of  PruJJian  Blue. 

Phlogistic  alkali  is  a  triple  fait,  confiding  of  the  tinging  acid, 
fome  alkali,  and  fome  iron.  When  this  fait  is  diflilled  with 
weak  vitriolic  acid,  the  tinging  acid  flies  over  in  the  form  of  in- 
flammable air,  which  may  all  be  collected  in  water.  This  acid  is 
fomewhat  analogous  to  the  acidum  perlatum,  and  is  dininguifhed 
by  a  peculiarly  ungrateful  fmell  and  tafle:  it  fecms  to  coniift  of 
aerial  acid,  volatile  alkali,  and  water. 

This  general  account  of  the  new  acids  is  intended  to  ferve  as  hints 
to  fuch  gentlemen,  whofe  Guriofity  may  excite  them  to  profecute  the 
fubjeft  more  fully,  by  a  feries  of  experiments. 
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with  the  charatteriftic  properties,  and  whofe  influence 
in  the  chemical  phenomena  is  begun  to  be  perceived. 

According  to  the  new  doctrine,  a  body  is  only  com- 
buflible,  becaufe  it  tends  ftrongly  to  unite  with  pure 
air-  Combuftion  is  nothing  but  the  acl:  of  that  com- 
bination. This  opinion  is  founded  on  the  four  follow-  * 
ing  fads :  1 .  A  body  cannot  burn  without  air.  2.  The' 
purer  the, air  is,  the  more  rapid  the  combuftion.  3.  In 
combuftion  there  is  anabforptionof  air,  and  an  increafe 
of  weight  in  the  body  burnt.  4.  Laftly,  the  body  burnt 
contains  the  portion  of  pure  air  which  it  abforbed;  and 
fometimes  that  air  may  be  extracted  by  different  me- 
thods, which  will  be  more  fully  explained  hereafter. 

This  doctrine  which  we  have  delivered,  is  very  dif- 
ferent from  that  which  M.  Lavoifier  publifhed,  as  an 
hypothefis  indeed,  in  the  Memoirs  of  the  Academy  for 
the  year  1777.  That  chemift  thinks,  that  pure  or  de- 
phlogifticated  air  is  compofed  of  a  bafe,  of  which  he 
does  not  defign  the  nature,  and  which  is  held  diflblved 
by  the  matter  of  fire  or  of  light.  When  a  combuftible 
body  is  heated  in  this  fluid,  fuch  body  decompofes  the 
air  by  feizing  upon  its  bafe;  and  then  the  matter  of  fire 
having  become  free,  alfumes  all  its  qualities,  and  ef- 
capes  with  the  characters  which  diftinguifh  it ;  namely, 
flame,  heat,  and  light.  According  to  this  hypothefis, 
pure  air  is  the  true  and  only  combuftible  body.  But 
let  us  obferve,  that  this  manner  of  explaining  combu- 
ftion is  as  difficult  to  prove  as  that  of  Stahl,  fmce  it  dif- 
fers from  Stahl's  only  as  to  the  place  of  the  phlogifton  or 
fixed  fire,  which  M.  Lavoifier  admits  to  be  in  the  body 
which  is  employed  for  kindling,  whilft  Stahl  admitted 
it  in  the  combuftible  body.  It  cannot  then  be  admit- 
ted, but  fo  far  as  the  exiftence  of  the  matter  of  fire  in 
pure  air  can  be  demonftrated ;  and  in  that  cafe,  we 
fhall  find  the  fame  difficulties  which  occur  in  the  theory 
of  phlogifton.  We  likewife  think  that  it  ought  to  be  ob- 
fer  ved ,  that  the  opinion  of  the  fimple  fixation  of  pur  e  air  in 
the  combuftible  body,  feems  to  agree  with  every  fact. 

The 
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Hie  different  combuftible  bodies  fhow  many  dcree 
of  tendency  to  combine  with  air;  and  it  appeawtha 
more  or  leis  combuftibility  depends  on  the  variec 
relations  which  exi(t  between  that  element  and  th, 
combuftible  bodies;  fo  that  we  might  eftablifh  an  orde 
oi  their  combuftibility,  and  conftrud  a  table  of  thei 
affinity  with  the  air.  This  variety  of  affinity  betweei 
combuftible  bodies  and  air  is  the  caufe  of  the  differen 
phenomena  which  thofe  bodies  prefent  in  their  combi 
nation  with  that  fluid.  Hence  we  diftinn-uifh  thre< 
forts  of  combuftion. 

1.  Combuftion  with  flame  and  heat;  as  that  offul 
phur,  &c. 

2.  Combuftion  with  heat  without  flame;  as  that  o 
feveral  metals. 

3.  Combuftion  with  flame  without  heat,  as  that  0; 
the  phofphori. 

We  muft  obferve,  that  befides  thefe  differences,  com.; 
buftion  is  diftinguilhed  by  a  great  number  of  pheno- 
mena peculiar  to  each  combuftible  body.  The  rapb 
dity,  the  form,  the  colour,  the  extent  of  the  flame,  the. 
fmell  which  accompanies  it,  the  quantity  of  air  absorb- 
ed, the  weight,  the  ftate  of  the  refiduum  of  the  body, 
burnt,  and  feveral  other  circumftances,  which  it  would! 
be  ufelefs  to  enumerate  here,  and  which  fhall  be  treat- 
ed  with  all  the  importance  they  merit  in  the  article  on 
each  combuftible  body,  eftablifh  differences  that  are. 
eflential  and  proper  to  characterize  every  one  of  the: 
fubftances  which  belong  to  this  clafs. 

_  We  divide  the  combuftible  matters  of  the  mineral 
kingdom  into  five  genera;  namely,  the  diamond,  in- 
flammable gas,  fulphur,  metallic  fubftances,  and  the 
bitumens.  To  thefe  we  might  add  the  mineral  phof-' 
phoric  fubftaces,  by  giving  them  the  title  of  phofphori,. 
or  bodies  combuflible  with  flame  and  without  heat. 
Thefe  are,  magnefia,  lime,  calcareous  nitre  or  phof- 
phorus  of  Baldouin,  calcareous  marine  fait  or  phof- 
phorus  of  Homberg,  fufible  fpar,  or  fluor,  and  the 
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heavy  fpar  or  phofphorus  of  Bologna.  The  pyropho- 
rus  of  Hombcrg  likewife  belongs  to  this  clafs ;  but  as  . 
all  thefe  matters  have  been  examined  already  in  the 
hiftory  of  faline  fubftances,  and  as  the  phenomena  of 
their  combuftibility  are  but  very  little  known,  we  fhall 
fay  nothing  farther  about  them. 

Genus  I.    The  Diamond. 

The  diamond  is  a  fmgular  fubilance  in  its  kind  :  it 
is  placed  among  the  ftones,  becauie  it  has  their  hard- 
nefs,  infipidity,  and  infolubility.  It  is  alfo  the  mofttranf- 
parent  and  the  hardeft  of  all  the  minerals.  Its  hardnefs 
is  go  great,  that  the  bell  tempered  fteel  has  no  effeft  . 
upon  it ;  and  a  diamond  cannot  be  confumed  except 
by  being  rubbed  againft  another  diamond :  this  is 
called  grinding. 

Diamonds  are  found  in  the  Eaft-Indies,  particularly 
in  the  kingdoms  of  Golconda  and  Vifapour.  They  are 
brought  from  Brafil  alfo ;  but  thefe  feem  to  be  of  an 
inferior  quality  :  In  commerce  they  are  known  by  the 
name  of  Portuguefe  diamonds. 

Diamonds  are  found  generally  in  a  yellow  ochry 
earth  in  rocks  of  free-ftone  and  quartz  ;  fometimes  in 
running  waters.  Thefe  have  been  detached  from  their 
mines.  Diamonds  rarely  exceed  a  fmall  fize.  The 
Indian  monarchs  fet  a  guard  over  the  largeft,  that  the 
price  of  diamonds  may  not  be  dir^inimed. 

The  diamonds  do  not  come  out  of  the  earth  with 
their  brilliancy.  They  are  found  brilliant  in  waters 
only.  All  thofe  which  are  extracted  from  the  mines 
are  enveloped  with  an  earthy  cruft;  which,  according  to 
M.  Rome  de  Lifle,  covers  a  fecond  layer  of  the  nature 
of  calcareous  fpar. 

Diamonds  often  have  no  regular  form  :  they  are  flat 
or  round.  Sometimes  they  prefent  regular  o&aedrat 
cryftals,  formed  of  two  quadrangular  pyramids  united 
by  their  bafes. 

Some  diamonds  are  perfc&ly  tranfparent,  and  of  the 
moft  elegant  blue.    Others  are  ftained,  and  have  very 
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evident  fpots  of  yellow,  red,  blue,  and  black :  thefe 
are  very  rare.  v 

Diamonds  fcem  to  be  formed  of  lamina  laid  on  one 
another.  They  are  eafily  divided  by  finking  on  the 
edges  of  thefe  lamina.  There  are  fome  diamonds, 
however,  which  do  not  appear  to  be  formed  of  diftinct 
lamina,  but  of  twitted  fibres,  like  thofe  obferved  in  the 
knots  octrees.  Thefe  laft  ones  are  very  hard,  and  can- 
not be  wrought :  the  lapidaries  call  them  natural  dia- 
monds. 

The  tranfparency,  the  hardnefs  of  the  diamond,  the 
regular  cryftalline  form  which  it  often  affumes,  have 
.  determined  naturalifts  to  rank  this  fubftance  among  the 
number  of  verifiable  (tones.  They  looked  upon  it  as 
rock-cryftal  matter,  the  pureft  and  moll  homogeneous* 
They  reckoned  it  unalterable  by  the  fire,  becaufe  the 
jewellers  are  in  the  practice  of  heating,  and  even  red- 
dening, the  diamonds,  which  are  flamed  with  yellow. 
By  this  procefs  the  flains  become  black,  and  .do  not 
affect  the  brilliancy  of  the  flone.  However,  they  know 
that  the  diamond  is  heavier  and  harder  than  rock- 
cryflal,  and  that  it  has  a  very  remarkable  electric 
property;  but  they  afcribe  this  to  its  extreme  purity 
alone. 

Newton  in  his  optics  has  remarked,  that  all  tranfpa- 
rent  bodies  refracted  the  light  in  the  direct  ratio  of 
their  denfity  ;  but  that  the  combuftible  bodies  reflected 
it  in  the  double  ratio  of  their  denfity.  He  has  obferved, 
that  the  diamond  produced  a  refraction  almofl  triple  of 
that  which  it  ought  to  produce  in  the  ratio  of  its  denfity : 
lie  was  then  ignorant  of  what  was  one  day  to  be  dif- 
covered,  that  the  diamond  is  very  combuftible.  It 
feems,  that  on  this  great  refracting  force  the  fingular 
brilliancy  of  the  diamond  depends.  As  it  is  very  tranf- 
parent,  and  the  light  is  ftrongly  refracted  between  its 
laminae  when  we  multiply  the  furfaces  of  it  by  cutting, 
every  one  of  its  facets  furniflies  a  very  brilliant  bundle 
of  light.    Thofe  which  are  cut  in  facets  throughout 
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their  circumference,  have  a  brightnefs  very  fuperior  to 
fuch  as  are  cut  on  one  fide  only  :  for  this  reafon,  the  la- 
pidaries call  the  firft  by  the  name  of  brilliant,  and  the 
iecond  by  that  of  rofe~-dia?nonds. 

Boyle  remarked,  that  the  fire  altered  diamonds, 
and  that  it  difengaged  acrid  vapours  from  them :  but 
the  facl  announced  by  this  philofopher  has  not  found 
many  partifans.  However,  Cofmo,  the  third  grand 
duke  of  Tulcany,  faw  at  Florence,  in  the  years  1694 
and  1695,  diamonds  deftroyed  by  the  burning  mirror: 
many  years  after,  the  emperor  Francis  I.  was  alfo  wit- 
nefs  to  their  defh'uction  by  the  fimple  fire  of  the  furnaces 
at  Vienna. 

M.  D'Arcet,  in  his  elegant  experiments  on  the  (tony 
matters  expofed  to  the  action  of  a  violent  and  continued 
fire,  did  not  forget  the  diamond.  He  aflerted,  that  an 
evaporation  took  place  from  the  fides  of  their  laminse  ; 
and  that  if  that  evaporation  was  flopped  defignedly, 
■what  remained  was  nowife  altered,  and  prefented  a  dia- 
mond of  lefs  volume  only. 

«  M.  D'Arcet,  wifhing  to  learn  whether  the  evapora- 
tion of  the  diamond  was  any  more  than  a  fimple  decre- 
pitation, thought  of  treating  it  in  veffels  differently  clo- 
fed.  He  took  a  fphere  of  pafte  of  porcelain;  and  ha- 
ving cut  it  in  two,  he  placed  a  diamond  in  the  centre  ; 
he  then  adjufted  the  two  hemifpheres  fo  that,  the  dia- 
mond forming  to  itfelf  its  cavity,  there  was  no  void 
fpace  around  it.  Having  expofed  the  globe  to  the  fur- 
nace till  it  was  baked,  he  broke  it,  and  found  the  place 
empty  and  the  diamond  evaporated,  although  he  could 
not  perceive  the  leaft  chink  in  the  globe. 

M.  D'Arcet  varied  this  experiment  in  feveral  ways; 
fometimes  taking  globes  of  th*  pafte  of  porcelain,  fome- 
times  crucibles  of  porcelain  baked,  clofed  with  a  ftopper 
of  the  fame  kind  covered  with  a  fufible  fubftance,  which 
vitrifying  by  the  fire,  made  an  hermetical  lute.  M. 
D'Arcet  always  found  the  diamond  difappear  ;  and 
hence  he  concluded,  that  it  was  evaporable  without  the 

VoL'L  X  affiftance 


322  LECTURES  ON 


affiftance  of  air.  Afterward,  M.  D'Arcet  and  Roux  r<  J 
marked,  that  it  was  not  neceffary  to  ufe  fires  of  fo  gre;  I 
violence  to  efieft  the  volatilization  of  the  diamond;  an  1 
in  the  year  1770  M.  Roux  volatilized  one,  before  fcid 
ftudents  of  medicine,  in  five  hours  time,  in  a  cupcllin.fi 
lurnace. 

In  the  year  1771,  Mr  Macquer  obferved  a  new  pht| 
nometion  relative  to  the  volatilization  of  this  fubftance  j 

Having  a  diamond  to  volatilize,  he  made  ufe  of  tfa  ■ 
furnace  of  Pot,  on  which  he  made  fome  improvement; 
This  furnace,  when  it  is  terminated  by  a  pipe  of  a  flov  I 
ten  or  twelve  feet  high,  produces  a  heat  equal  to  tha 
of  a  furnace  for  baking  hard  porcelain.    M.  Macque 
placed  a  muffle  in  the  centre  of  his  furnace,  with  a  pip 
of  only  two  feet ;  he  put  a  diamond,  cut  brilliantly 
weighing  three-fixteenths  of  a  carat,  into  a  cupel,  whicl 
at  firft  he  placed  immediately  before  the  muffle  when 
very  red.    He  took  care  to  thruft  it  forwards  only  b- 
degrees,  to  prevent  the  diamond  from  cracking.  Tvvenf 
minutes  after,  looking  at  the  diamond,  he  found  it  in  • 
creafed  in  fize,  and  much  more  brilliant  than  the  cap 
fule  in  which  it  was:  in  fhort,  he  obferved  a  High 
flame,  as  if  phofphoric,  which  formed  a  very  fingula  j 
mining  circle  round  the  ftone  ;  but  he  did  not  perceiv< 
acrid  vapours,  as  Boyle  had  afierted.    The  diamont  i 
having  been  put  under  the  muffle,  in  about  thirty  mi 
nutes  it  was  entirely  vaniflied,  and  left  no  traces  behind 
In  lefs  than  an  hour  M.  Macquer  volatilized  a  diamonc 
of  more  than  four  grains ;  and  he  perceived  that  it  con. 
fumed  with  a  fenfible  flame,  in  the  fame  way  as  com- 
buftible  bodies.  t 

This  fact,  firft  publiflied  by  M.  Macquer,  has  beem 
feveral  times  fince  - verified.  In  the  year  1775,  M.  Buc- 
quet  volatilized  a  diamond  of  about  34  grains.  He  ufed 
Macquer's  furnace,  but  without  the  pipe ;  and  the 
muffle  remained  open  almoft  all  the  time  of  the  opera- 
tion, in  order  to  fee  what  pafTed  during  the  combuftion 
of  the  diamond.    It  remained  about  five  minutes  be. 
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fore  it  took  fire;  and,  counting  from  the  moment  of 
inflammation,  it  did  not  require  twenty-five  for  its  total 
diflipation.  As  none  of  thefe  experiments  demonftrated 
what  became  of  the  diamond,  M.  Macquer,  Lavoifier, 
and  Cadet,  refolved  to  make  fome  experiments  in  clofe 
vefiels.  They  diftilled  twenty  grains  of  diamond  in  a 
ftone  retort,  with  an  apparatus  proper  to  retain  the  pro- 
duct, if  any  thing  fhould  pafs  over.  They  employed  a 
fire  of  the  greateft  violence,  and  obtained  nothing: 
they  found  the  diamonds  very  entire,  but  that  they  had 
loft  a  little  of  their  weight.  They  fufpected  that  this 
lofs  depended  on  the  diamonds  being  in  part  confumed 
by  means  of  the  pure  air  contained  in  the  veflels.  The 
diamonds  were  alfo  covered  with  a  blackifh  fcurf,  as  if 
charryi,  which  disappeared  very  quickly  by  rubbing  it 
on  a  grinding-ftone. 

Whilft  the  chemifts  were  occupied  in  refearches 
about  the  diamond,  the  lapidaries  always  believed  ill 
the  perfect  indeft ructibility  of  this  ftone.  One  of  them, 
M.  le  Blanc,  carried  to  M.  Rouelle  a  diamond  to  be 
expofed  to  the  fire.  Wiming  to  inclofe  it  in  his  own 
way,  he  put  it  into  a  crucible,  with  a  cement  of  chalk 
and  powder  of  charcoal ;  this  was  fhut  up  in  another, 
covered  with  its  own  lid,  and  luted  with  fand  ufed  by 
founders.  This  apparatus  remained  in  the  fire  during 
four  hours,  and  likewife  feveral  other  diamonds  with 
which  M.  Rouelle  was  working.  At  the  expiration  of 
that  time,  Rouelle's  diamonds  had  difappeared,  as  alfo 
that  of  M.  le  Blanc.  M.  Maillard,  another  lapidary* 
went  to  M.  Cadet,  where  M.  Lavoifier  and  Macquer 
wrought.  Having  brought  three 'diamonds,  he  propo- 
fed  expofing  them  to  the  fire,  after  he  mould  have  ce- 
mented them  in  his  own  way.  He  filled  with  charcoal, 
pounded  and  well  preffed,  the  bore  of  a  pipe  5  and  ha- 
ving put  the  diamonds  in  the  centre  of  the  charcoal, 
he  covered  the  pipe  with  a  plate  of  iron,  which  he  luted 
with  the  fand  of  the  founders  1  the  pipe  was  fhut  into  a 
crucible,  lined  with  a  coat  of  fand  moiftened  with  fait* 
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water.  The  whole  was  put  into  Macquer's  furnace,  and: 
endured  fuch  a  fire,  that  in  two  hours  the  whole  appa- 
ratus was  foftened  and  ready  to  melt.    After  the  opera- 
tion, the  crucible  was  vitrified  and  deformed :  it  was 
carefully  broken,  and  the  pipe  was  found  quite  entire:: 
the  charcoal  which  it  contained  was  perfectly  black,  andl 
the  d  iamonds  had  loft  nothing.   Their  furface  was  only.' 
blackened  ;  but  by  being  rubbed  on  a  grind-ftone,  they.' 
became  white  and  brilliant.    Macquer  repeated  this  ex- 
periment in  the  large  furnace  which  bakes  the  hardi 
porcelain  of  Seves  -9  it  fucceeded  in  the  fame  way :: 
however,  the  iron  which  covered  the  pipe  having  been 
,  fufed,  part  of  it  had  ftained  the  diamond,  and  had  fco- 
rified  one  fide  of  it,  but  the  other  was  quite  entire.. 
The  fire  continued  twenty-four  hours. 

M.  Mitouard  having  had  occafion  to  treat  feveral  dia- 
monds in  clofe  veffels  and  with  different  cements,  found! 
that  charcoal,  moft  of  all  bodies,  prevented  the  destruc- 
tion of  the  diamond.  * 

All  the  chemifts  have  been  perfuaded  by  tbefe  facts,, 
that  the  diamond  burnt  in  the  way  that  combuftible  bo- 
dies do  ;  and  that,  like  charcoal,  it  was  deftroyed  only.r 
fo  far  as  it  was  in  contacl  with  the  air.  However,  the- 
experiments  of  M.  d'Avcet,  which  were  very  well  exe- 
cuted, and  very  numerous,  feemed  to  eftablifh  the  con- 
trary. ' 

M.  Macquer  hereupon  took  fome  charcoal  in  pow- 
der, and  filled  with  it  feveral  balls  of  baked  porcelain, 
and  feveral  crucibles  of  parte  of  porcelain  :  the  charcoal  , 
was  reduced  into  cinders  in  the  crucibles  of  the  unba- 
ked porcelain ;  the  cinders  were  even  vitrified,  whilft  the 
charcoal  incloied  in  the  veffels  of  baked  porcelain  re- 
mained without  alteration  :  whence  this  chemift  con- 
cluded, that  there  is  a  great  difference  between  thefe 
two  forts  of  veffels.  He  thinks,  that,  during  the  baking 
of  the  porcelain,  cracks  happen,  very  imperceptible,  but 
fufficient  to  facilitate  combuftion  j  and  that  thefe  por- 
celains 
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cclains  contracting  by  cooling  after  the  baking,  all 
thefe  openings  clofe,  and  difappear  entirely. 

M.  Lavoifier  has  added  to  thefe.  experiments  fome 
new  refearches,  which  prove  that  the  diamond  con- 
fumes  only  fo  far  as  it  is  in  contact  with  the  air.  He 
expofed  diamonds  to  the  focus  of  M.  de  Trudaine's 
lens,  after  having  covered  it  with  a  veffel,  under  which 
he  made  fome  water  or  mercury  afcend,  by  "fucking  out 
the  air.  This  chemifl:,  in  experiments  on  the  effects 
of  the  burning-glafs  made  in  common  with  Macquer, 
Cadet,  and  Brifon,  obferved,  that  if  he  heated  the  dia- 
monds brifkly,  they  crackled  and  fplit,  which  does  not 
happen  when  they  are  heated  (lowly  and  by  degrees. 
He  has  alio  remarked  the  diamonds  fule  and  run  in  cer- 
tain places;  the  furface  of  thofe  which  remained  fome 
time  expofed  to  the  fire  of  the  lens,  feemed  to  him 
pierced  with  fmall  holes,  like  a  pumice-ftone.  In  heat- 
ing them  in  the  pneumato-chemical  apparatus  defcribed 
above,  he  was  convinced  that  the  diamond  confumed 
only  during  a  certain  time,  more  or  lefs  long  in  pro- 
portion to  the  quantity  of  air  contained  in  the  veffel : 
he  examined  the  air  in  which  the  diamond  had  burnt, 
and  he  found  it  quite  fimilar  to  that  which  remains  af- 
ter the  confumption  of  all  the  other  combultible  bodies. 

To  be  fatisfied  more  fully  of  the  nature  of  the  dia- 
mond, M.  Lavoifier  tried  to  burn,  it  in  a  veffel  full  of 
aerial  acid.  The  diamond  fuffered  a  little  wade,  in 
part  owing  to  the  pure  air  which,  is  always  mixed  with 
that  acid.  This  chemifl:  thinks,  that  the  wafte  in 
a  great  meafure  depen3s  on  the  volatilization  of  the 
diamond  ;  and  he  concludes,  that  this  body  might  be 
entirely  volatilized  in  clofe  veffels,  if  we  applied  a  fuf- 
ficient  heat.  M.  Lavoifier  having  wrought  likewife  on 
charcoal,  had  analogous  remits,  either  relatively  to  the 
combuftion  or  relatively  to  the  volatilization.  He  alfo 
obferved  the  diamond  to  blacken  always  at  the  furface. 

It  follows  from  thefe  different  facts,  that  the  dia- 
mond is  a  fubftance  very  different  from  the  ftones : 
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that,  on  the  contrary,  it  is  a  true  combuftible  body  J 
fufceptible  of  burning  with  flame  at  all  times,  wherjl 
heated  to  rednefs  with  the  contact  of  air:  in  a  word  II 
that  it  is  one  of  the  mofl  combuftible  bodies  in  nature  ! 
fince  it  leaves  no  refiduum :  that  it  perfectly  referable  1 
charcoal  in  the  manner  it  is  acted  on  by  fire;  yet  it  difl 
fers  widely  from  it  in  its  tranfparency,  weight,  hard  I 
nefs,  and  feveral  other  properties.    All  thefe  experi; 
ments,  as  well  as  the  art  of  fplitting  the  diamond,  hav< 
taught,  that  it  is  formed  of  laminae  or  layers,  placed  on 
one  another ;  that  between  thefe  layers  there  is  fome 
times  a  foreign  colouring  matter,  to  which  the  charnj 
fcurf  perhaps  is  owing  with  which  heated  diamonds  an< 
covered,  particularly  in  clofe  velfels.    It  is  this  coloured 
layer,  being  placed  more  or  lefs  deeply,  that  render 
the  procefs  uncertain  which  is  employed  by  the  lapidai 
ries  for  whitening  the  ftained  diamonds.    If  it  is  noil 
deep,  it  may  be  eafily  deflroyed,  and  the  diamond  wil 
be  whitened ;  if,  on  the  contrary,  it  is  in  the  interior 
part,  it  can  be  taken  away  only  by  the  fucceffive  dei- 
ftruttion  of  the  laminse  which  cover  it ;  and  then  it  iis 
neceflary  to  deftroy  the  diamond  almoft  entirely  before 
its  colour  be  taken  away. 

Notwithflanding  all  thefe  labours,  we  {till  know  nor- 
thing about  the  compofition  of  the  diamond ;  and,  im 
the  actual  ftate  of  our  knowledge,  we  ought  to  look; 
upon  it  as  a  fimple  fubftance. 

The  diamond  is  of  ufe  only  as  an  ornament ;  but  thee 
property  which  it  has  of  refracting  the  luminous  rays;, 
of  decomposing  them,  and  prefenting  to  the  eye  the^ 
mofl  brilliant  and  vivid  colours,  render  it  truly  pre- 
cious, without  being  able  to  attribute  to  the  caprice  ot! 
fafhion  the  estimation  which  it  poflefles.    Its  excefliveiT 
hardnefs,  to  which  it  owes  the  unalterable  polifh  of  its 
furface,  its  rarity,  and  the  art  of  cutting,  ftill  add  to  I 
its  price.    It  is  ufed  with  advantage  to  cut  on  glafs  and 
the  hard  (tones,  and  to  give  to  thefe  bodies  the  fuitable 
form  and  fize. 

Genu§3 
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Genus  ll.    Inflammable  Gas. 

The  gas,  called  inflammable  air  by  Dr  Prieftley,Js 
an  aeriform  fluid,  pofleffing  all  the  apparent  properties 
of  air.  It  is  lighter  than  air ;  it  is  unfit  for  combu- 
ftion ;  it  very  quickly  kills  animals,  by  giving  them 
ftrong  convulfions.  It  has  a  very  ftrong  and  diftin- 
guifhable  odour.  Its  characteristic  property  is  that  of 
kindling  when  it  comes  in  contact  with  air  and  an  in- 
flamed body  is  prefented  to  it. 

Inflammable  gas,  both  natural  and  artificial,  has  been 
a  long  time  known.  Metallic  mines,  thofe  of  coals, 
the  furface  of  waters,  animal  or  vegetable  matters  in 
putrefaction,  have  produced  many  examples  of  natural 
combuflible  vapours.  By  art  it  ufed  to  be  produced  in 
the  folution  of  feveral  metals  by  the  vitriolic  and  marine 
acids,  and  by  the  diftillation  of  animal  and  vegetable 
matters  :  but,  before  Dr  Prieflley,  nobody  thought 
of  collecting  thefe  vapours  in  recipients,  in  order  to  ex- 
amine their  properties.  This  philofopher  discovered 
that  they  formed  a  kind  of  combuftible  air. 

Inflammable  gas  prefents  all  the  phenomena  of  com- 
buftible bodies.  Like  them,  it  cannot  burn  without 
the  contact  of  air ;  it  burns  with  a  more  or  lefs  red  flame 
when  it  is  very  pure,  and  a  blue  or  yellow  when  it  is  uni- 
ted to  any  fubftance  capable  of  modifying  its  properties. 
It  frequently  crackles,  and  produces,  in  burning,  fmall 
brilliant  fparks,  with  a  noife  refembling  that  of  detona- 
ting nitre.  In  its  combuftion  it  excites  a  ftrong  heat. 
It  kindles  by  the  contact  of  the  electric  fpark.  It  burns 
the  more  rapidly  as  it  is  furrounded  with  a  greater  quan- 
tity of  air.  As  thefe  two  fluids  have  a  fimilar  aggrega- 
tion, we  know  that  it  is  poflible  to  mix  them,  fo  that  a 
mollecule  of  inflammable  gas  is  furrounded  with  air ;  and 
then  it  ought  to  burn  with  rapidity.  This  happens  when 
a  mixture  of  two  parts  of  atmofpheric  air,  and  one  of 
inflammable  gas,  is  fet  on  fire :  this  mixture  kindled, 
it  burns  in  an  inftant,  and  produces  a  quick  explofion, 
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refembling  that  of  gunpowder;  inflammable  gas  alone 
on  the  contrary,  burns  but  flowly,  and  at  the  furface 

It  can  be  made  to  burn  likewife  in  an  inftant  an 
with  much  more  vehemence,  if  we  mix  two  or  thrc 
parts  of  it  with  one  of  pure  or  dcphlogifticatcd  air;  i, 
then  produces  a  much  moreconfiderablc  explofion  tha«- 
in  the  preceding  experiment. 

By  all  thefe  fads  it  is  demonftrated,  that  the  inflam 
mable  gas  is  one  of  the  moil  combuftible  bodies  in  na 
ture  ;  but  we  are  quite  ignorant  of  what  is  the  refiduuiv 
or  its  combuftioiH  or  rather  what  is  the  nature  of  it 
combuftion  with  pure  air. 

I  have  fufpe&cd  more  than  thefe  four  years,  that  in 
flammable  gas  was  a  fimple  fubflance,  incapable  of  de 
competition,  and  which  in, its  combination  with  aii 
formed  aerial  acid  ;  that  confequently  we  ought  to  looV 
upon  it  as  one  of  the  principles  of  this  acid ;  and  tha 
it  was  in  relation  to  it  what  nitrous  gas  is  to  the  nitrou: 
acid,  and  fulphur  to  the  vitriolic.    I  thought  this  opi 
nion  might  be  fupported,  i.  Upon  this,  that  in  burn, 
ing  inflammable  gas  above  lime-water,  the  water  i< 
troubled,  and  affords  fome  chalk:  2.  That  the  aeria 
acid  in  diffolving  the  metals  often  produces  inflam. 
mable  gas-:  g.  Laflly,  That  thefe  two  gales  are  fre- 
quently found  together  ;  as  in  the  fpontaneous  decom-.- 
pofition  of  inorganic  fubftances,  they  appear  truly  to  be: 
only  modifications  of  one  another. 

M.  Lavoifier  feems  to  have  adopted  this  opinion,  as> 
may  be  feen  in  his  Memoir  on  Combuftion,  inferted  inn 
the  Iaft  volume  of  the  Academy  for  the  year  1777.. 
However  it  be,  we  propofe  it  only  as  a  conjecture,  or 
as  a  probable  hypothefis,  to  which '  feveral  important  ' 
fads  are  wanting  in  order  to  place  it  among  the  num- 
ber of  demonftrated  truths.  Chemifts  are  not  yet  agreed 
on  the  kinds  of  inflammable  gas.    Several  have'been 
found  to  differ  from  one.  another  in  eflential  properties. 
Such  are  the  inflammable  gas  obtained  from  iron  and 
from  zinc  by  the  vitriolic  acid,  which  burns  red,  and  de-'- 
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tonates  with  pure  air:  that  which  M.  de  Lafibne  ex- 
tracted from  Pruflian  blue,  from  the  reduction  of 
flowers  of  zinc  by  charcoal,  which  burns  without  de- 
tonating with  the  air;  the  inflammable  gas  of  marines, 
which  burns  blue,  and  does  not  detonate ;  that  which 
is  obtained  from  the  diftillation  of  organic  matter,  and 
which  refembles  the  gas  of  marfhes.  An  exact:  analyfis, 
it  is  true,  proved,  that  thefe  laft  mentioned  are  com- 
pounds of  true,  pure,  and -detonating  inflammable  gas, 
with  the  aerial  acid  in  different  proportions ;  and  that 
by  lime-water  and  the  cauftic  alkalis,  they  may  be  re- 
duced to  the  ftate  of  pure  inflammable  gas./  From  this 
we  were  then  led  to  believe,  as  the  famous  M.  Mac- 
quer  thinks,  that  there  was  only  one  fubftance  of  this 
kind  fufceptible  of  feveral  modifications  by  its  combi- 
nation with  different  fubftances.  However,  M.  Lavoi- 
fier,  in  a  Memoir  on  the  Combination  of  Alum  with 
Charry  Subftances,  Academ.  1777,  p.  371,  is  of  opi- 
nion, that  three  kinds  of  inflammable  gas  may  be  diftin- 
guiflied  :  the  vitriolic  inflammable  gas,  the  marine  in- 
flammable gas,  and  the  aerial  inflammable  gas.  It  is 
this  lad  which  was  obtained  during  the  reaction  of 
alum  on  the  charry  fubftances.  The  character  which 
he  gives  to  diftinguifli  them  is,  that  every  one  of  them 
is  converted  by  inflammation  into  an  acid  analogous  to 
that  from  which  it  was  extracted.  Thus  the  vitriolic 
inflammable  gas  gives  vitriolic  acid  ;  marine  inflammable 
gas,  fpirit  of  fait ;  and  the  third,  aerial  acid.  This  che- 
mift  thinks,  that  the  inflammable  gas  which  he  obtain- 
ed during  the  preparation  of  pyrophyrus,  is  formed  by 
the  charcoal  itfelf  reduced  into  vapour,  and  combined 
with  the  pure  air  of  the  vitriolic  acid,  which  by  the  lofs 
of  this  principle  pafles  into  the  ftate  of  fulphur. 

Inflammable  gas  does  not  unite  with  water ;  it  may 
be  preferved  a  long  time  above  this  fluid  without  alte- 
ration. However,  through  time  it  is  altered,  and  is  no 
longer  inflammable.  Dr  Prieflley  has  not  determined 
this  kind  of  change,  nor  the  ftate  of  the  water  which 
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produces  it.  It  is  probable  that  the  experiment  made 
with  care  would  throw  much  light  on  the  nature  of  this 
combuftible  body. 

This  gas  does  not  combine  with  the  earths,  except 
the  clays,  of  which  it  feems  to  be  one  of  the  colouring 
principles.  _  Its  aclion  on  the  faline  matters  has  not  yet 
been  examined  j  fuch  experiments,  however,  would  be 
of  the  greateft  importance:  and  we  are  perfuaded  from 
our  trials,  that  the  reciprocal  aclion  of  the  inflammable 
gas  on  the  acids,  the  alkalis,  and  even  on  the  neutral 
falts,  would  prefent  very  interefting  phenomena. 

Inflammable  gas  is  of  little  ufe.  It  has  been  imagined 
that  it  might  fupply  the  place  of  other  combuftible  mat- 
ters for  feveral  purpofes  of  life ;  for  inftance,  to  charge 
fome  fire-arms.    M.  Volta  has  confidered  it  in  this 
laft  light,  and  propofed  feveral  ways  of  ufing  it.  M. 
Neret  has  given  the  defcription  of  a  chaffing  dim  with 
inflammable  air;  Journal  de  Phyftc,  January  1777. 
Meffrs  Furftenberger  phyfician  at  Bale,  Brander  mecha- 
nic at  Augfbourg,  Ehrman  profeflbr  of  natural  philo- 
fophy  at  Strafbourg,  have  contrived  lamps  which  might 
be  lighted  at  night  by  means  of  an  elearic  fpark.  They 
made  very  agreeable  fire- works  with  glafs  tubes  of  dif- 
ferent circumferences,  and  pierced  with  a  great  number 
of  fmall  holes.    Inflammable  gas  is  introduced  into 
tfiefe  tubes  by  means  of  a  bladder,  which  is  filled  with 
it,  and  adapted  to  it  by  a  copper  cock ;  by  prefling  the 
bladder  the  inflammable  gas  pafles  into  the  tube,  and 
goes  through  all  the  openings  which  are  made  in  it, 
and  to  which  a  lighted  candle  is  applied.    I  have  feen 
fome  of  this  kind  at  M.'  Bianchis,  mathematical  inftm- 
ment-maker  at  Paris. 
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LECTURE  XXV. 
Genu  s  Thi  r  d. 
SULPHUR. 

SUlphur  is  a  combuftible  body,  dry,  very  brittle, 
of  a  yellow  citron  colour,  has  fmell  only  when  it 
is  heated;  and  its  particular  tafte  is  weak,  although 
very  perceptible.  If  we  rub  it,  it  becomes  electrical; 
if,  when  in  thick  pieces,  we  expofe  it  to  a  gentle  but 
fudden  heat,  as  in  fqueezing  it  in  the  hand,  it  breaks, 
making  a  crackling  noife.  Sulphur  is  found  in  great 
quantities  in  nature ;  fometimes  pure,  and  fometimes 
combined.  The  firft  only  ought  to  be  examined  here. 
The  following  are  the  varieties  of  form  in  which  it  is 
prefented  to  us  in  its  ftate  of  purity. 

Varieties. 

1 .  Tranfparent  fulphur,  cryftallized  into  eight  fides, 
with  two  truncated  pyramids.  It  is  depofited  by 
water,  moft  frequently  on  the  furface  of  a  calca- 
reous fpar;  fuch  as  that  of  Cadiz. 

2.  Tranfparent  fulphur  in  irregular  pieces.  That  of 
Switzerland  is  in  this  ftate. 

3.  Whttiih  powdery  fulphur,  depofited  in  the  fili- 
ceous  geodes. 

4.  Powdery  fulphur,  depofited  at  the  furface  of  mi- 
neral waters,  like  thofe  of  Aix-la-Chapelle. 

5.  Cryftalline  fulphur  fublimed :  it  is  in  tranfparent 
cryftals,  and  found  about  volcanoes. 

6.  Sublimed  powdery  fulphur  of  volcanoes:  it  is  with- 
out a  regular  form,  and  frequently  interfperfed  in 
foft  {tones,  as  is  obferved  at  Solfatara  about 
Naples. 

7.  Stalactites  of  fulphur  formed  by  the  fire  of  vol- 
canoes. 

.  Befides  thefe  feven  varieties  of  pure  mineral  fulphur, 
this  combuftible  fubftance  is  found  combined  with  dif- 
ferent 
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fcrent  matters.  It  is  the  metals  to  which  it  is  moft  fre- 
quently united,  and  which  it  converts  into  pyrites  or 
minerals.  Sometimes  it  is  combined  with  calcareous 
fubftances  in  the  ftate  of  earthy  liver  of  fulphur-  the 
calcareous  hepatic  ftones,  the  fetid  fpar,  the  fwine-ftone 
leem  to  be  of  that  nature. 

Recent  difcoveries  ftill  extend  the  prevalence  of  this 
mineral  It  feems  to  be  daily  formed  in  all  vegetable 
and  animal  matters  which  are  beginning  to  putrefy. 
Although  thefe  kinds  of  fulphur  do  not  efientially  be- 
long to  the  mineral  kingdom,  we  think  it  neceffary, 
however,  to  join  them  to  the  preceding  varieties,  in  or- 
der to  render  its  natural  hiftory  more  complete. 

Varieties. 

8.  Cryftallized  fulphur,  formed  by  the  flow  decom- 
pofition  of  animal  matters  accumulated ;  fuch  as 
that  which  was  found  about  two  years  ago  in  the 
old  lay  flails  near  the  gate  of  St  Anthony. 

o.  Powdery  fulphur,  formed  by  the  difengaged  va- 
pours of  animal  fubftances  in  putrefaction ;  it  is 
collected  on  the  walls  of  (tables,  privies,  &c; 

10.  Sulphur  extracted  from  feveral  vegetables,  par- 
ticularly from  the  radix  patientias,  fpiritus  coch- 
learise,  &c.  M.  Deyeux,  member  of  the  college 
of  pharmacy,  and  profefibr  of  chemiftry,  made  this 
difcovery  as  well  as  the  following. 

11.  Sulphur  obtained  from  the  analyfis  of  animal 
matters,  and  particularly  from  the  white  of  eggs. 

12.  Sulphur  extracted  from  horfe-dung.  A  lady  in 
the  acquaintance  of  M.  le  Due  de  la  Rochefou- 
cauld, found  this  combuftible  body  in  horfe-dung 
the  inftant  it  was  voided.  It  is  probable  that  fu- 
ture labours  will  difcover  it  in  a  great  number  of 
other  animal  fubftances. 

Thefe  different  fulphurs  are  not  what  is  employed  in 
the  arts.  It  is  extracted  by  diftillation  from  metallic 
compounds,  of  which  it  forms  one  of  the  principles, 
and  which  are  called  pyrites.    In  Saxony  and  Bohemia 
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pieces  of  them  are  put  into  veffels  of  earth  placed  on 
a  Jong  furnace.  The  end  of  thofe  veffels  which  pro- 
jects from  the  furnace  is  received  into  fquare  boxes  of 
caft  iron,  which  are  filled  with  water.  Into  thefe  kind 
of  receivers  the  fulphur  is  collected,  but  it  is  very  im- 
pure. In, order  to  purify  it,  it  is  fufed  in  an  iron  pan; 
the  earthy  and  metallic  matters  are  precipitated.  It  is 
poured  into  a  copper  pan,  in  which  another  depofition 
of  the  foreign  matters  is  formed.  After  having  been 
kept  fome  time  in  fufion,  it  is  run  into  wooden  cylin- 
drical moulds,  which  form  fulphur  in  flicks.  What  is 
precipitated  during  the  fufion  is  grey,  and  very  impure; 
it  is  very  improperly  called  quick  fulphur.  In  other 
countries,  as  at  Ramnielfberg,  the  fulphur  is  extracted 
from  pyrites  in  a  more  fimple  manner.  They  content 
themfelves  with  lifting  with  laddies  what  is  found  fufed 
in  the  maffes  of  pyrites,  which  they  roaft  in  the  air,< 
and  purify  it  by  a  new  fufion.  Sulphur  is  not  altered 
by  the  contact  of  light.  Heated  in  clofe  veffels,  it  foftens, 
fufes,  and  frequently  affumes,  in  cooling,  a  red,  brown, 
or  greenifh  colour,  and  a  needled  form.  To  fucceed  in 
this  cryftallization,  it  is  requifite,  according  to  Rouelle's 
procefs,  to  allow  the  furface  to  fix,  and  quickly  pour 
off  the  fluid  portion  which  is  found  below  this  kind  of 
cruft ;  then  we  obtain  needles  of  fulphur,  which  crofs 
in  different  directions.  If  it  be  gently  heated  while  in 
the  fiate  of  fufion,  it  is  volatilized  in  fmall  powdery 
parcels  of  a  citron  yellow,  called  flowers  of  fulphur.  As 
it  is  only  the  pure  portion  which  is  volatilized  in  this 
operation,  it  is  fuccefsfully  employed  for  its  purification. 
To  make  flowers  of  fulphur,  we  put  fome  common  ful- 
phur, in  powder,  into  a  cucurbit  of  earth,  to  which 
earthen  or  Dutch-ware  pots  are  adapted  that  commu- 
nicate, and  are  called  aludels.  The  laft  is  terminated 
by  an  inverted  funnel,  whofe  ftalk  has  a  fmall  commu- 
nication with  the  air;  the  cucurbit  is  heated  to  liquefy 
the  fulphur,  which  fublimes  with  this  degree  of  heat, 
and  adheres  to  the  fides  of  the  aludels.  The  flowers  of 
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fulphur  made  in  great,  often  contain  a  little  vitriolic 
acid,  formed  by  the  combuftion  of  a  finall  quantity  of 
the  fulphur,  which  happens  by  means  of  the  air  con- 
tained in  the  veffels.  They  are  very  completely  purified 
by  warning.  This  is  the  fulphur  we  ought  to  employ 
m  medicine,  and  in  delicate  chemical  experiments.  Sul- 
phur heated  with  the  help  of  air  takes  fire  when  it  is 
iufed,  and  burns  with  a  blue  flame  if  the  heat  applied 
is  but  inconfiderable ;  or  with  a  white  and  vivid  one,, 
if  it  be  ftrong.  In  the  firft  of  thefe  combuftions,  a  fuf- 
locating  odour  is  emitted;  and  if  the  vapour  which  ex- 
hales is  collected^  we  obtain  a, very  ftrong  fulphureous 
acid.  In  the  rapid  combuftion,  its  odour  is  weaker,, 
and  its  refiduum  has  none  of  the  fulphureous  acid ;  it: 
has  fome  oil  of  vitriol.  Stahl,  who  thought  fulphur  was, 
a  compound  of  this  acid  and  phlogifton,  fuppofed  that 
during  combuftion  this  body  loft  its  inflammable  prin- 
ciple, and  confequently  was  reduced  to  the  ftate  of  am 
acid.  The  number  of  proofs  which  he  has  given  of  thiss 
opinion,  was  well  calculated  to  perfuade  all  the  chemiftss 
that  have  followed  him.  However,  fince  we  have  ob- 
ferved  the  neceflity  of  the  air  in  combuftion,  to  whicm 
Stahl  appears  to  have  paid  fmall  attention,  fome  che- 
mifts,  ftruck  with  the  difficulty  hitherto  found  of  de- 
monftrating  the  inflammable  principle,  and  with  the  fa- 
cility with  which  all  the  objections  made  to  this  doc- 
trine are  anfwered  by  the  new  difcoveries  on  air,  have." 
adopted  an  opinion  entirely  contrary  to  that  of  Stahl! 
concerning  the  nature  of  fulphur  and  of  combuftion.. 
The  following  are  the  facts  on  which  this  new  opinion', 
is  founded.  Hales  obferved,  that  fulphur,  in  burning,, 
abforbed  a  great  quantity  of  air.  M.  Lavoifier  has  de- 
monftrated,  that  it  is  with  fulphur  as  with  all  combu- 
ftible  bodies;  that  is  to  fay,  i.  That  it  cannot  burn 
without  the  help  of  air.  2.  That  during  combuftion,. 
it  abforbs  the  pureft  part  of  that  fluid.  3.  That  the  re- 
fiduum of  air  cannot  ferve  for  a  new  combuftion.  4. 
That  the  vitriolic  acid  which  refults  exceeds  the  weight 
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of  the  quantity  of  fulphur  which  produced  it,  by  the  ex- 
act weight  of  the  air  loft  during  combuftion.  5.  Thai: 
in  confequence  the  fulphur  is  combined  with  the  portion 
of  pure  air,  which  is  abforbed,  in  order  to  form  oil  of 
vitriol.  This  acid  is  therefore  a  compound  of  pure  air 
and  fulphur.  This  laft,  in  place  of  being  a  compound 
body,  is  only  one  of  the  principles  of  the  oil  of  vitriol, 
and  requires  no  more  than  an  union  with  pure  atmof- 
pheric  air  to  form  this  acid  j  which  is  done  by  combu- 
ftion. Heat  is  neceffary  to  burn  it ;  becaufe  by  divi- 
ding and  deftroying  its  aggregation,  it  promotes  its 
combination  with  the  air :  as  foon  as  it  is  once  burnt, 
or  combined  with  pure  air,  it  is  no  longer  capable  of 
inflammation,  and  enters  the  clafs  of  incombuftible  bo- 
dies. 

From  this  theory  we  very  eafily  underftand  what 
paries  in  the  formation  of  fulphur  with  the  vitriolic  acid 
and  any  combuftible  fubftance,  as  we  have  mown  hap- 
pens with  vitriolated  tartar,  Glauber's  fait,  felenite,  Ep- 
ibm  fait,  and  weighty  fpar,  when  heated  with  charcoal. 
According  to  the  doftrine  of  Stahl,  the  phlogifton  of  the 
charcoal  unites  with  the  vitriolic  acid  of  thefe  falts,  and 
forms  fulphur.    According  to  the  modern  theory,  the 
charcoal  feizes  on  the  pure  air  contained  ia  the  vitriolic 
acid ;  and  confequently  only  leaves  fulphur,  which  is  one 
of  its  principles.    Likewife,  whenever  the  vitriolic  acid 
is  changed  into  fulphur  by  any  combuftible  body,  this 
laft  is  always  reduced  to  the  ftate  of  a  burnt  body,  as 
we  mall  point  out  in  the  hiftory  of  feveral  metallic  fub- 
ftances.    We  muft  recoiled,  that  the  prefence  of  pure 
air  in  the  vitriolic  acid  is  eafily  demonftrated.  Though 
our  intention  be  to  take  no  fide;  in  order,  however,  to 
pay  homage  to  the  truth,  we  cannot  refrain  from  ob- 
ferving,  that  in  the  combuftion  of  fulphur,  and  in  the 
combination  of  the  vitriolic  acid  with  combuftible  bo- 
dies, the  pneumatic  theory  feems  to  have  a  very  re- 
markable advantage  over  that  of  Stahl,  that  of  going 
no  farther  than  what  is  elucidated  by  experience,  and 
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of  being  only  the  refult  of  fure  fads,  which  m  eafil* 
verified.  ■> 

Sulphur  is  unalterable  by  the  air,  and  unfoluble  in 
water.  If,  when  it  has  been  kept  fome'  time  in  fu- 
fion,  and  is  turned  fixed,  we  put  it  into  this  fluid,  it  be* 
comes  red,  and  retains  a  certain  degree  of  foftnefs  fo 
that  we  may  knead  it  with  the  hands ;  but  it  lofes  thefe 
properties  in  a  few  days.  It  has  no  adion  on  the 
quartzy  earths,  but  it  foils  the  glafs  which  remits  from 
their  fufion.  It  gives  a  colour  to  clay  without  uniting 
to  it.  It  combines  with  the  terra  ponderofa,  and  forms 
a  fetid  compound,  which  colours  the  metals,  is  preci- 
pitated by  the  acid-s,  and  is  called  liver  ofjulphur.  This 
compofition  is  prepared  by  the  dry  way. 

Sulphur  unites  with  magnefia  by  means  of  heat.  To 
effect  this  combination,  we  generally  ufe  the  neutral  fait, 
which  we  have  called  aerial  magnefia  with  the  chalky  acid, 
as  being  more  foluble  in  water :  we  put  equal  parts  of 
flowers  of  fulphur  and  magnefia  into  a  bottle  with  fome 
diftilled  water ;  we  expofe  this  veffel  void  of  air,  and  well 
corked,  to  the  heat  of  a  water-bath  for  feveral  hours ;  we 
then  filtrate  the  water,  which  has  a  fetid  fmell  of  rotten 
eggs :  it  ftrongly  colours  the  metallic  folutions ;  by  fponta- 
neous  evaporation,  it  furnifhes  fmall  cryftalline  needles 5 
in  a  word,  it  is  a  true  liver  of  fulphur  with  bafe  of  mag- 
nefia. This  laft  may  be  precipitated  from  it  by  the  fixed 
alkali,  which  has  more  affinity  with  the  fulphur  than  it 
has.  As  for  this  combuftible  body,  its  prefence  is  eafily 
demonftrated  by  the  addition  of  the  acids  which  fepa- 
rate  it  in  the  form  of  a  white  powder.   This  was  the  li- 
ver of  fulphur  which  M.  le  Roi,  phyfician  at  Montpe- 
lier,  made  to'be  diffolved  in  pure  water,  in  order  to  imi- 
tate the  hepatic  mineral  waters,  though  thefe  waters 
contain  not  an  atom  of  it.    Lime  unites  with  fulphur 
much  more  readily,  and  with  much  more  vivacity,  than 
the  fubftances  already  mentioned.    If  we  pour  by  de- 
grees fome  water  on  a  mixture  of  quicklime  and  flowers 
of  fulphur,  the  heat  which  is  produced  by  the  action  of 
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the  water  on  the  lime  fuffices  to  promote  their  union. 
If  we  add  fome  water,  it  affumes  a  reddifli  colour  and  a 
fetid  or  hepatic  odour.  It  contains  fome  lime  and  ful- 
phur  diffolved.  This  calcareous  liver  of  fulphur  can  be 
well  prepared  only  by  the  humid  way.  When  the  lime 
is  not  quick  enough,  and  a  great  heat  is  not  excited 
with  the  water,  we  are  obliged  to  aflift  the  combination 
with  a  gentle  fire.  This  compound  is  of  a  more  or  lefs 
deep  red,  according  to  the  caufticity  of  the  lime;  when 
it  contains  a  great  deal  of  it,  it  depofits,  by  cooling,  a 
layer  of  fmall  needle-like  cryftals,  of  a  yellow  orange, 
difpofed  in  tufts,  which  appear  to  have  been  three-fided 
figures,  compreffed  and  terminated  by  two-fided  tops. 
Thefe  cryftals  gradually  lofe  their  colour,  and  become 
white  and  opaque,  without  fuffering  any  alteration  in 
their  form.  The  calcareous  liver  of  fulphur,  diftilled 
in  a  pneumato-chemical  apparatus,  is  partly  decompofed, 
and  gives  a  great  quantity  of  a  particular  gas,  which 
M.  Bergman  has  called  hepatic  gas,  whofe  properties  we 
(hall  examine  more  afterwards.  If  we  evaporate  it  to 
drynefs,  and  calcine  it  in  a  crucible  till  the  fumes  ceafe, 
there  remains  after  the  operation  only  fome  felenite, 
formed  by  the  lime  and  the  vitriolic  acid,  owing  to  the 
flow  combuftion  of  the  fulphur.  Calcareous  liver  of  ful- 
phur is  very  readily  altered  by  the  air.  It  lofes  its  odour 
and  colour  in  proportion  as  its  hepatic  gas  is  diffipated. 
Diffolved  in  a  great  quantity  it  fuffers  the  fame  altera- 
tion, particularly  when  it  is  agitated,  as  M.  Monet  has 
obferved  in  his  Treatife  on  Mineral  Waters.  After  thefc 
alterations,  there  remains  only  fome  felenite.  Kept  in 
bottles,  in  part  empty,  it  depofites  on  the  fu^s  a  blackifh 
covering,  and  it  forms  crufts  or  pellicles,  which  fall  to 
the  bottom  of  the  liquor.  Calcareous  liver  of  fulphur 
is  decompofed  by  the  pure  fixed  alkalis,  which  have 
more  affinity  with  the  fulphur  than  lime  has.  The  acids 
precipitate  the  fulphur  in  the  form  of  a  very  fubtile 
white  powder,  which  has  got  the  name  of  magifler  ful- 
phuris.  The  aerial  acid  affe&s  this  precipitation  as  well 
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as  the  others.    We  are  not  acquainted  with  the  action 
of  the  neutral  falts  upon  it.    The  two  pure  or  caultic 
fixed  alkalis  have  a  very  remarkable  a&ion  on  fulphur. 
They  form  true  livers,  which  are  with  molt  difficulty 
decompofed,  and  are  the  moft  permanent.  They  may  be 
prepared  in  two  ways;  the  dry  or  the  humid.  In  ufmg 
the  firft  procefs,  we  put  into  a  crucible  equal  parts  of 
lapis  caufticus  and  flowers  of  fulphur:  this  mixture  is 
fufed;  we  then  run  it  on  a  marble  plate;  and  when, 
it  is  cooled,  it  is  of  a  deep  red  brown  colour,  fimilar  to 
th  e  liver  of  animals.    The  liver  ojffulphur  by  the  moift: 
way,  is  prepared  by  heating  the  liquor  of  the  foap-boil-. 
ers  with  a  half  part  of  fulphur ;  the  liquor  very  foon  ac- 
quires a  red  colour,  which  turns  more  and  more  deep'; 
it  is  filtrated,  and  is  then  liver  of  fulphur  liquid  or 
difiblved.    Thefe  two  combinations  of  the  cauftic  al- 
kalis with  fulphur  have  been  but  little  examined.  Liver 
of  fulphur  has  almoft  always  been  made  with  the  fixed, 
alkalis,  faturated  with  aerial  acid;  fuch  as  aerated  tartar 
and  foda.    There  are,  however,  remarkable  differences; 
between  thefe  two  kinds  of  liver  of  fulphur.  In  the  firft; 
place,  thofe  made  with  the  aerated  fixed  alkalis  require: 
more  time  to  prepare  ;  becaufe  thefe  falts  have  a  much; 
weaker  action.  But  the  moft  important  difference  which; 
we  have  had  occafion  to  obferve  between  the  alkaline  : 
cauftic  or  not  cauftic  livers  of  fulphur,  is  the  compara- 
tive ftate  of  fa  titration.  Livers  of  the  firft  kind,  folid  or 
liquid,  are  more  brown,  more  odorous,  more  alterable;, 
.  and  the  gas  which  they  give  is  much  more  hepatic,  and . 
much  more  inflammable,  than  that  of  the  fecond.  The 
laft  kind  is  o^f  a  paler  colour,  often  of  a  greenilh  grey,  of 
a  weak  odour,  and  more  durable  compofition.  It  feems 
that  the  aerated  fixed  alkalis  retain  their  acid  in  their  1 
union  with  fulphur,  fince  the  gas  of  thefe  mild  li- 
vers of  fulphur  is  inflammable,  only  when  it  has  been 
wafhed  with  lime-water,  which  attracts  its  aerial  acid. 
In  the  prefence,  therefore,  of  this  acid,  and  in  the  little 
energy  of  the  alkali  which  it  renders  mild,  we  find  the 
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eaufe  of  the  differences,  that  fubfift  between  the  cauftic 
and  not  cauftic  livers  of  fulphur. 

The  folid  alkaline  liver  of  fulphur  is  very  fufible;  it 
is  decompofed  like  the  calcareous  liver  of  fulphur;  when 
it  is  heated  for  a  long  time,  it  gives  a  great  deal  of  he- 
patic gas ;  and  by  cooling  it  is  capable  of  aiTuming  a  cry- 
italline  form,  which  has  not  yet  been  defcribed.  As 
long  as  it  is  hot,  it  is  of  a  brown  colour;  in  proportion 
as  it  cools,  it  lofes  this  colour,  and  becomes  paler;  wheri 
expofed  to  the  air,  it  very  fo'on  becomes  of  a  green  yel- 
low. It  attracts  the  air's  humidity,  redhTolves  into  a  li- 
quor, and  is  decompofed,  though  flowly,  fo  as  in  a  cer- 
tain time  to  form  vitriolated  tartar.  The  alkaline  liver 
of  fulphur  dhTolves  very  well  in  water;  according  to  its 
ftate  it  gives  a  deep  red  or  green  colour  to  that  fluid. 
This  folution  may  be  decompofed  by  heat,  by  the  con- 
tact of  the  air,  and  by  agitation  ;  when  it  is  very  abun- 
dant, it  often  depofites  cryftals  of  liver  of  fulphur  in 
needles  of  confiderable  fize. 

The  earths,  and  the  faline-earthy  fubftances,  have  no 
action  on  the  alkaline  liver  of  fulphur.  The  acids  de- 
compofe  it  by  uniting  with  the  alkali,  and  precipitating 
the  fulphur  in  the  -form  of  a  very  tine  white  powder, 
called  magifter  fulphuris.  According  to  M.  Prouft,  the 
fpirit  of  nitre  poured  on  fufed  liver  of  fulphur  produces 
a  detonation.  All  the  acids  in  decompofing  liver  of 
fulphur,  at  the  fame  time  difengage  from  it  a  gas,  which 
we  may  collect  in  a  pneumato=chemical  apparatus,  and 
which  deferves  a  particular  examination. 

This  gas,  which  is  even  in  all  the  livers  of  fulphur, 
and  which  diltinguifhes  them,  has  for  a  long  time  been 
known  by  its  fetid  odour  and  its  action  on  the  me- 
tallic calces,  and  particularly  on  thofe  of  lead  and  bif- 
muth,  which  it  turns  quite  black.  Its  fetid  fmell  is  un- 
fupportable;  it  kills  animals  fuddenly;  it  turns  the  fyrup 
of  violets  green ;  and  burns  with  a  very  flight  bluiih 
flame.  If  we  kindle  it  in  a  large  proper  glafs  veflel,  it 
depofites  on  its  fides  flakes,  which  are  nothing  but  fome 
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fulphur.  This  gas  is  decompofed  by  pure  air;  when- 
ever it  is  in  comae!  with  the  atmofphcric  air,  it  depofues 
fulphur.  For  that  reafon,  the  fulphureous  waters  which 
it  mineralizes  contain  no  true  liver  of  fulphur ;  though 
this  fubftance  fwims  in  flowers  at  their  furface,  and  is 
depofited  at  the  vaults  of  the  fountains  which  contain 
it,  as  thofe  of  Aix-la-Chapelle.  To  this  decompofition 
alfo  of  the  hepatic  gas  by  the  air,  are  owing  the  full 
phureous  depofitions  obferved  in  the  empty  parts  of  the 
veffels  which  contain  folutions  of  liver  of  fulphur.  M. 
Bergman  attributes  this  to  the  great  affinity  of  the  air 
with  phlogifton.  He  looks  upon  the  hepatic  gas  as  a 
combination  of  fulphur,  of  phlogifton,  and  of  the  mat- 
ter of  heat ;  when  one  of  thefe  principles  is  clifunited, 
the  other  two  feparate.  This  opinion  being  only  a  pure 
hypothefis,  we  mail  infift  no  more  upon  it,  but  attend 
only  to  facts,  proceeding  to  examine  its  other  properties. 
Water  diffolves  this  gas  very  well ;  and  the  folution,  which 
has  all  the  characters  of  this  aeriform  fluid,  exactly  re- 
fembles  the  fulphureous  mineral  waters.  The  earths 
and  alkaline  fubflances  feem  to  have  no  action  on  it. 
The  fuming  nitrous  acid  decompofes  and  precipitates 
the  fulphur:  this  is  the  way  to  prove  the  exiftence  of  this 
combuftible  body  in  the  gas  and  in  the  fulphureous  wa- 
ters, which  it  is  better  to  call  hepatic  or  hepatifed. 

The  alkaline  liver  of  fulphur  decompofes  the  earthy 
neutral  falts  as  well  as  the  metallic  folutions;  as  we  mail 
fee  hereafter. 

The  volatile  cauflic  alkali,  or  the  volatile  alkaline  fpirit, 
has  but  very  little  action  on  concrete  fulphur;  however, 
Boerhaave  afferts,  that  this  liquor  kept  a  long  time  upon 
flowers  of  fulphur  acquired  a  golden  tincture.  To  combine 
thefe  two  bodies,  we  muft  prefent  them  to  one  another  in 
the  ftate  of  vapour.  For  this  purpofe  we  diftil  a  mixture 
of  equal  parts  of  quicklime  and  fal  ammoniac,  and  a  half 
part  of  fulphur,  in  Woulfe's  apparatus,  obferving  to  put 
into  the  bottle  no  more  water  than  is  neceffary  to  dif- 
folve  the  quantity  of  alkaline  gas  to  be  obtained.  In 
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this  diftillation,  which  we  muft  conduct  with  addrefs, 
wc  obtain  a  liquor  of  a  reddifh  yellow,  of  an  alkaline 
odour,  pungent,  and  fomewhat  hepatic ;  in  a  word,  a 
true  volatile  liver  of  fulphur,  which  has  the  property  of 
emitting  a  whitifh  fume,  and  hence  called  fuming  liquor 
of  Boyle.  This  liver  of  fulphur  is  decompofed  by  heat; 
in  a  certain  time,  a  great  quantity  of  fmall  needles  is 
formed,  of  one  or  two  lines,  which  feem  to  be  concrete 
and  cryftallized  liver  of  fulphur.  It  depofites  on  the  fides 
of  the  veffels  a  flight  cruft,  of  a  blackifh,  and  often  gol- 
den colour.  Lime  and  the  fixed  alkalis  decompofe  the 
fuming  liquor.  The  acids  likewife  precipitate  the  ful- 
phur from  it  with  great  facility,  and  feparate  fome  very 
inflammable  hepatic  gas.  From  thefe  decompofitions 
different  ammoniacal  falts  are  produced,  according  to 
the  acid  employed.  A  miftake,  committed  in  one  of 
my  courfes,  brought  about  a  difcovery,  or  rather  an  ac- 
cident, which  I  ought  to  communicate.  Being  defirous 
to  precipitate  the  fuming  liquor  of  Boyle,  I  took  a  vef- 
fel  placed  on  my  table  under  the  title  of  fpirit  of  vitriol; 
it  contained  only  a  very  fmall  quantity  of  fluid,  which 
prevented  me  from  perceiving  that  it  was  oil  of  vitriol 
quite  pure.  I  poured  fome  drops  of  it  on  the  fuming 
liquor :  at  that  very  inftant  a  rapid  motion  was  ex- 

i  cited  ;  from  the  veffel  where  the  mixture  was,  a  very 
thick  white  cloud  was  raifed,  and  fuddenly  it  gave  a 
crack  refembling  that  of  a  large  mufket ;  the  liquor 
leaped  far  from  the  glafs,  the  veffel  grew  very  hot,  and 
burft  in  feveral  pieces.  On  fome  of  the  fragments  there 

:  ^remained  only  a  yellowifh  magma,  thick,  and  refem- 
bling fulphur.  I  repeated  the  experiment  a  great  num- 
ber of  times  with  precaution,  and  I  had  conftantly  the 
fame  refult;  all  the  mixture  is  thrown  to  a  diftance  af- 
ter a  violent  motion  :  but  thefe  different  phenomena  fuc- 
ceed  with  fuch  a  rapidity,  that  it  is  impoflible  not  to 
confound  them.  The  moft  fuming  fpirit  of  nitre  did 
not  appear  to  me  to  produce  the  fame  effefl:  on  the  fu- 
ming liquor.    The  mixture  is  ftrongly  agitated,  a  great 
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heat  and  ebullition  arifes,  a  white  cloud  of  nitrous  am, 
momac  is  raifed ;  but  there  is  no  explofion  as  with 
the  oil  of  vitriol.  However,  M.  Prouft  has  announced, 
that  the  nitrous  acid  poured  on  two  gros  of  the  fuming 
liquor  of  Boyle,  produced  as  violent  a  ftroke  as  two  pros 
of  fulminating  powder  could  do  (a). 

The  aerated  ammoniacal  fait,  or  the  concrete  volatile 
alkali,  likewife  unites  with  fulphur.  When  thefe  two 
bodies  meet  in  vapours,  they  unite  and  form  a  concrete 
volatile  liver  of  fulphur.  This  liver  is  formed  by  dial- 
ling a  mixture  of  equal  parts  of  aerated  tartar,  or  chalk 
and  fal  ammoniac,  with  a  half  part  of  flowers  of  fulphur. 
It  is  of  a  brown  red,  it  is  cryftallized,  it  emits  fome 
white  vapours  when  we  dhTolve  it,  it  is  decompofed  by- 
heat,  it  is  altered  by  the  air  and  lofes  its  colour,  and  it 
is  decompofed  by  the  acids.  The  hepatic  gas  which  it 
gives  contains  fome  aerial  acid. 

The  reciprocal  action  of  fulphur  and  the  acids  has  not 
been  examined  properly.    If  we  boil  oil  of  vitriol  on 
flower  of  fulphur,  the  acid  gets  an  amber  colour  and  a 
fulphureous  odour;  the  fulphur  fufes  and  fwims  like 
oil:  by  cooling,  concrete  globules  are  formed  of  a  green 
colour,  more  or  lefs  deep  according  to  the  time  employ- 
ed in  the  folution.    The  acid  has  difiblved  a  fmall  por- 
tion of  the  fulphur,  which  we  may  precipitate  by  means 
'  of  the  fixed  alkali,  as  M.  Beauine  has  mown.  This  ex- 
periment, and  leveral  others  of  the  like  nature,  have 
made  M.  Berthollet  believe,  that  the  fulphureous  acid 
was  nothing  but  the  vitriolic  acid,  which  held  fome  ful- 
phur difiblved.    The  nitrous  and  marine  acids  alfo  dif- 
i'olve  fulphur;  but  we  do  not  well  undcrftand  thefe  com- 
binations 

(a)  Perhaps  the  fuming  liquor  which  I  employed  was  different 
from  M.  Proufl's.    Mine  was  made  a  year  before;  and  I  can  affirm 
tltat  it  detonated  constantly  with  oi'  of  vitriol,  whilil  it  did  not  make 
a  noife  with  fpirit  of  nitre;  and  produced  no  more  than  a  hiffintj 
noife,  and  a  very  coniiderably  thick  cloud.     I  found  this  cloud  in- 
flammable, as  M.  Proull  afferted.     I  obferved  feveral  very  fingular 
phenomeoa  in  this  decomposition  of  the  fuming  liquor  by  the  fpirit 
of  nitre3  and  /hall  give  an  accuunt  of  them  in  another  place. 
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binations.    M.  Prouft  has  obferved,  that  if  we  pour 
fome  fpirit  of  nitre  on  fufed  and  fmoking  fulphur,  a  de- 
tonation follows.  The  vitriolic  neutral  falts  have  no  ac- 
tion upon  fulphur.    The  nitrous  falts,  on  the  contrary, 
make  it  burn  with  rapidity,  and  even  inclofe  veifels. 
Nothing  is  fo  fimple  as  the  theory  of  this  important  phe- 
nomenon.   The  nitre  decompofed  by  the  heat  gives  a 
very  great  quantity  of  pure  air ;  the  fulphur  is  a  very 
combuftible  fubftance,  or  which  has  much  tendency  to 
unite  with  the  air ;  it  therefore  finds  in  the  nitre  the 
principle  neceffary  for  combuftion ;  there  is  no  necef- 
fity  for  the  contacl:  of  the  atmofpheric  air  to  kindle  it. 
We  obtain  very  different  produces,  according  to  the 
quantity  of  nitre  and  fulphur  employed.    If  we  fet  fire 
to  a  mixture  of  eight  parts  of  fulphur  and  one  of  nitre 
in  clofe  veffels,  the  lulphur  burns  with  a  very  vivid  white 
flame,  and  is  changed  into  vitriolic  acid.  It  is  the  means 
that  has  been  praclifed  more  than  thefe  20  years  in  Eng- 
land and  Holland  for  the  preparation  of  this  acid,  which 
was  formerly  extracted  from  vitriol.    In  England  they 
make  ufe  of  great  balls  of  glafs,  holding  400  or  500 
pints,  with  very  large  necks.    They  are  placed  at  the 
fide  of  one  another  on  a  bed  of  fand,  in  two  ranks  fuf- 
ficiently  diftant,  fo  that  one  may  eafily  walk  between 
them ;  fome  pounds  of  water  are  poured  into  each  of 
thefe  veifels ;  by  the  neck  there  is  introduced  a  (tone 
pot,  above  which  is  placed  a  laddie  of  caft  iron  with  a 
long  handle,  which  previoufly  has  been  made  red  hot. 
Into  this  laft,  by  means  of  another  white-iron  laddie,  is 
put  a  mixture  of  nitre  and  fulphur,  according  to  the 
above-mentioned  proportions ;  and  immediately  the  aper- 
ture of  the  veffel  is  mut  with  a  bit  of  wood.    The  heat 
of  the  laddie  kindles  thefe  fubftances;  the  fulphur  burns 
by  the  air  of  the  nitre ;  and  when  the  combuftion  is  over 
the  veffel  is  withdrawn,  and  the  vapours  are  left  to  con- 
denfe.    The  fame  procefs  is  repeated  with  each  of  the 
balloons  which  make  up  the  two  ranks;  fo  that  the  work- 
man, when  he  arrives  at  the  firlt  balloon  which  he  be- 
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gan  with,  finds  the  vapours  totally  condenfed,  and  may 
continue  to  burn  a  new  portion  of  the  mixture.  Whll 
the  water  contains  enough  of  acid,  it  is  taken  out  ana 
poured  into  glafs  retorts;  the  aqueous  part  is  feparated 
by  means  of  diftillation,  and  the  acid  is  conceded 
till  ,t  weighs  an  ounce  feven  gros  and  a  half,  in  a  bottle 
which  contains  an  ounce  of  diftillcd  water ;   it  there 
f  orms  the  oil  of  vitriol  in  commerce.  This  excellent  pro. 
eels  is.  very  expenfive,  on  account  of  the  price  of  the  bal. 
loons,  and  on  account  of  their  brittlenefs.    Some  years 
ago  it  was  contrived  to  burn  fulphur  on  a  kind  of  iron 
gridirons,  placed  in  large  chambers  lined  with  lead  on 
all  lines,  from  whence  the  condenfed  vitriolic  acid  is 
concluded  by  gutters  into  a  refervoir.  Such  is  the  pro- 
eels  followed  in  the  manufadure  of  Javelle  near  Paris; 
the  eltabhfhment  of  which  muft  be  of  great  ufe  in  the 
arts     It  is  proper  to  obferve,  that  the  oil  of  vitriol  pro- 
cured  by  this  procefs  is  always  united  with  a  little  ful- 
phur and  vitriolated  tartar ;  but  they  are  in  fo  fmall  a 
quantity,  that  their  effe&s  are  quite  imperceptible  in  the 
molt  part  of  the  ufes  for  which  this  faline  matter  is  em- 
ployed. 

.  If,  inflead  of  burning  the  fulphur  with  an  eighth  of 
nitre,  we  increafe  the  dofe  of  the  nitre  to  equal  parts, 
then,  in  place  of  having  the  vitriolic  acid  free,  we  ob- 
tain only  fome  vitriolated  tartar,  formed  by  the  combi- 
nation of  the  acid  with  the  fixed  alkali,  the  bafe  of  the 
nitre.  This  fait,  obtained  in  this  way,  has  got  the  name 
of  P olychrejl  fait  of  Glafer.    It  is  prepared  by  throwing 
into  a  red  hot  crucible  equal  parts  of  nitre  and  fulphur; 
the  refiduum  is  difTolved  in  water,  the  folution  is  eva- 
porated to  a  pellicle  and  filtrated;  and  we  obtain,  by 
cooling,  cryftals  of  true  vitriolated  tartar,  called  by  the 
abovementioned  name.    The  mixture  of  fulphur  and 
nitre  with  charcoal  form  a  fubftance,  whofe  terrible  ef- 
fects are  owing  to  its  great  combuftibility ;  that  is,  gun- 
powder. It  is  formed,  the  greateft  part  of  nitre,  of  much 
lefs  charcoal,  and  of  fulphur  in  the  fmalleft  proportion; 
which  is  ioo  pounds  of  gunpowder  of  Effone,  near  Cor- 

beil, 


CHEMISTRY. 


345 


beil,  contain  7  5  pounds  of  nitre,  94  pounds  of  fulphur,  and 
1 5  of  charcoal.  This  mixture  is  pounded  for  10  or  12 
hours  in  a  wooden  mortar,  with  a  peftle  of  the  fame  ma- 
terials ;  and  a  very  fmall  quantity  of  water  is  gradually 
added  to  it.  When  the  motion  has  evaporated  almoft 
all  this  fluid,  and  the  powder  put  upon  a  plate  of  earthen 
ware  leaves  no  mark  of  humidity,  it  is  carried  to  be 
grained.  Graining  the  powder  is  making  it  pafs  through 
feveral  leather  fieves,  which  are  moved  horizontally  and 
in  a  direct  line.  Thefe  fieves  have  holes  of  different 
bulks,  as  large  as  to  form  the  grains  of  gunpowder.  The 
grained  powder  is  afterwards  fitted  in  order  to  feparate 
the  duft.  It  is  carried  to  the  drier;  an  apartment  look- 
ing to  the  fouth,  and  receiving  the  fun's  rays  by  a  ghfs 
window.  The  gunpowder  fuffers  no  other  operation. 
The  powder  for  game  is  fmoothed,  that  it  may  not  foil 
the  hands.  To  fmoothe  it,  they  fill  a  barrel  one  half, 
which  turns  by  means  of  a  fquare  axle  that  pierces  it, 
and  is  fixed  to  a  wheel  turned  round  by  water.  This 
motion  of  the  barrel  excites  a  continual  friction,  which 
wears  down  the  furface  of  the  grains  of  powder.  This 
fmoothed  powder  is  put  through  the  fearce  to  feparate 
the  duft ;  a  fieve,  through  which  it  paffes  a  fecond  time, 
picks  out  the  grains,  and  forms  two  powders  of  diffe- 
rent fizes,  which  are  equally  employed  for  game.  M. 
I  Beaume,  conjointly  with  M.  le  Chevalier  d'Arcy,  has 
1  compofed  a  very  great  work  on  the  manner  of  prepa- 
1  ring  powder,  on  the  rcfpe&ive  forces  of  this  compound 
made  with  different  dofes  of  its  ingredients,  and  on 
the  analyfis  of  its  fubftance.  Thefe  refearches  have 
produced  a  great  number  of  facts ;  of  which  we  mall 
1  take  notice  here  of  the  moft  important  only,  and  thole 
which  have  an  immediate  relation  with  the  chemical 
theory.  1 .  We  cannot  make  good  powder  without  ful- 
phur, as  feveral  perfons  had  propofed :  this  fubftance 
fingularly  augments  its  force.  2.  All  the  charcoals,  light 
or  heavy,  except  thofe  of  animal  fubftances,  are  equally 
fit  for  this  compofition.  3.  The  charcoal  is  one  of  the 
>  moft  ufeful  ingredients  of  the  powder  j  fince  a  mixture 
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of  nitre  and  fulphur  does  not  produce  near  the  fame  ef- 
fects.    4.  The  goodnefs  of  the  powder  depends  entirely 
on  the  accurate  mixture  and  trituration,  till  the  mixture 
fry  up  from  the  mortar  by  its  agitation.    5.  The  powder 
has  much  greater  effeft  when  it  is  only  (imply  dried, 
than  when  it  is  grained.  The  moifture  neceffary  for  the 
powder's  afluming  the  form  of  grains  cryftalizes  the 
nitre,  which  feparates  from  the  other  fubftances :  it  is 
thus  found  in  the  heart  of  the  grains  cut  through,  and 
is  obferved  with  the  magnifying  glafs.  6.  The  fmoothed 
powder,  or  game-powder,  is  weaker  than  unfmoothed 
or  gunpowder;  becaufe  the  molecules  of  the  firft  lie  clo-, 
fer  to  each  other,  and  confequently  are  not  fo  eafily  fet 
on  fire.    With  refpect  to  the  analyfis  of  powder,  M. 
Baume  has  fucceeded  in  it  in  a  very  fimple  manner. 
His  procefs  confifts  in  wafting  gunpowder,  well  pulve- 
rized, with  fome  diftilled  water,  and  in  evaporating  this 
water ;  by  this  procefs  we  get  the  nitre.    The  refiduum- 
contains  the  charcoal  and  the  fulphur.  The  fublimation 
of  the  fulphur  cannot  feparate  it  completely,  becaufe  it 
feems  to  be  in  part  fixed  by  the  charcoal.    M.  Baume' 
employed  to  feparate  them  a  flight  heat,  capable  of  con-' 
fuming  the  fulphur  and  not  the  charcoal.    By  this  ana- 
lyfis, he  found,  that  a  pound  of  French  powder  contains 
1 2  ounces  of  nitre,  two  of  fulphur,  and  two  of  charcoal, 
which  always  retains  a  fmall  quantity  of  fulphur,  fince, 
as  this  chemiff.  has  obferved,  it  emits  a  fulphureous  odour 
till  it  be  entirely  reduced  into  cinders.    He  valued  the 
fulphur  retained  by  the  charcoal,  at  a  24th  of  its  weight. 
We  may  alfo  deprive  the  powder  of  the  fulphur,  by  ex- 
pofing  it  quite  entire,  and  without  waffling  it,  to  the  ac* 
tion  of  a  gentle  fire.    This  fact  was  known  to  M.  Ro- 
bins,  who  publiftied  it  in  his  Treatife  on  Artillery,  written 
in  England.   The  powder-makers  have  been  for  a  long 
time  in  the  practice  of  leflening  the  quantity  of  fulphur, 
by  expofing  the  powder  on  warm  afhes  in  a  plate  of  tin. 
By  experience,  they  are  perfuaded,  that  the  powder  thus 
treated,  drives  the  charge  much  farther,  and  does  lefs 
damage  to  the  fire-arms. 
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Chemifts  and  natural  philofophers  have  had  diffe- 
rent opinions  on  the  violent  effects  of  gunpowder. 
Some  have  attributed  them  to  the  reduction  of  the  wa- 
ter into  vapours ;  others,  to  the  fudden  expanfion  of 
the  air.    M.  Baume  thought  them  owing  to  the  ni- 
trous fulphur  which  is  formed  in  the  inflant  of  corn- 
bullion.     We   look  on  this  phenomenon  as  very 
eafy  to  be  explained,  according  to  modern  know- 
ledge.   To  underftand  our  theory,  it  is  in  the  firft 
place  neceffary  to  obferve,  that  what  paffes  in  the  in* 
flammationof  powder  entirely  depends  on  its  great  com- 
buftibility.    Now,  the  fulphur  and  charcoal  molt  mi- 
nutely divided,  are  two  bodies  eminently  inflammable. 
The  intimate  mixture  which  fo  greatly  influences  the 
force  of  the  powder,  according  to  the  fine  experiments 
of  M.  Baume,  is  the  fole  caufe  of  its  effects.  The  nitre 
is  found  equally  divided  between  all  the  molecules  of 
thefe  very  combuftible  matters ;  as  it  is  in  much  greater 
quantity  than  they  are,  every  molecule  of  fulphur  and 
of  charcoal  is  found  furrounded,  and  as  if  covered  with 
a  coat  of  nitre ;  every  molecule,  then,  has  much  more 
air  than  is  neceffary  to  burn  it  completely,  fmce  it  is  de- 
monftrated  that  nitre  furnilhes  much  pure  air  by  the  ac- 
tion of  heat.    In  this  combuftion  there  happens,  what 
takes  place  when  we  plunge  a  combuftible  Jubilance  in- 
to a  body  of  air,  called  depblogiflicated.    It  is  known 
that  this  body  confumes  with  a Tpark,  and  in  much  lefs 
time  than  it  would  require  in  atmofpheric  air :  we  then 
fee  that  all  the  fulphur,  and  all  the  charcoal,  ought  to  be 
confumed  in  a  fingle  inftant,  becaufe  they  are  really 
alunged  into  an  atmofphere  of  very  pure  air.  From  this 
we  conceive  why  the  inflammation  of  powder  is  fo  ra- 
,lpid ;  why  it  takes  place  in  clofe  vefiels  as  well  as  in  the 
'open  air ;  and  why,  when  an  obftacle  is  oppofed  to  fo 
iterrible  an  agent,  it  produces  explofion,  and  drives  this 
bbftacle  with  fuch  force.   The  effects  of  this  mixture  of 
mitre,  fulphur,  and  charcoal,  are  nothing  in  comparifon 
'to  thofe  of  another  preparation,  called  pubis  fulminant 
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This  powder  is  made  with  three  ounces  of  nitre  two^ 
ounces  of  fixed  fait  of  tartar,  or  very  dry  aerated  tartar 
and  an  ounce  of  fulphur  in  powder.    The  whole  is  trfr 
turated  in  a  warm  marble  mortar  with  a  wooden  peftle 
till  the  three  fubrtances  are  very  accurately  mixed.  If  we' 
expoie  a  gros  of  this  powder  to  a  gentle  fire  in  an  iron; 
iaddle,  it  fules,  and  very  foon  detonates,  with  as  ftrong  ai 
crack  as  that  of  a  cannon.    To  underftand  the  caufe  oft 
this  phenomenon,  which  is  fo  much  the  moreaftonifhincr' 
as  the  pulvis  fulminans  has  no  need  of  being  confined! 
and  pentup  like  gunpowder,  it  is  neceflary  to  obferve,, 
I.  That  it  happens  when  this  mixture  is  (lowly  heatedl 
and  liquefied.    2.  That  if  we  throw  fome  fulminating' 
powder  on  burning  coals,  it  is  only  fufed  like  nitre,  but: 
without  noife.    3.  That  a  mixture  of  liver  of  fulphur  - 
and  nitre,  made  in  the  proportion  of  one  part  of  the  firft: 
and  two  of  the  fecond,  fulminates  more  rapidly,  and  with* 
juft  as  great  cracks  as  that  made  v/ith  fulphur,  nitre, . 
and  the  alkali.    It  appears  then,  that  when  we  heat  ful- 
minating powder,  fome  liver  of  fulphur  is  formed  before^ 
its  detonation  takes  place.    This  facl  alone  explains  the^ 
phenomenon.    When  we  expofe  fome  nitre  and  liver: 
of  fulphur  to  the  a&ion  of  heat,  there  is  difengaged  fomei 
inflammable  or  hepatic  gas  from  the  liver,  and  very  pure* 
air  from  the  nitre.    Now  thefe  two  gafes,  capable  of  ; 
producing  a  brWk  detonation,  as  we  have  feen  in  the  : 
hiftory  of  the  Inflammable  Gas,  are  inflamed  by  a  posi- 
tion of  fulphur  which  takes  fire  ;  but  as  they  meet  with 
an  obftacle  on  the  part  of  a  thick  fluid  through  which  : 
they  are  obliged  to  pafs,  and  as  they  take  fire  in  all  their 
points  at  once,  they  ftrike  the  air  with  fuch  rapidity  in 
their  combuftion,  that  it  refifts  them  as  the  fides  of 
mufkets  refift  gunpowder.  This  refinance  is  proved  by 
the  effect  of  fulminating  powder  on  the  laddie  in  which 
we  expofe  it  to  the  fire;  the  bottom  of  this  veflel  is  hol- 
lowed, and  the  fides  are  bent  inwards,  as  if  it  had  fuf- 
fered  a  force  from  above  downward,  and  from  without 
inward.    The  laft  mixture  of  nitre  and  fulphur  which 
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we  are  going  to  confider,  is  that  called  powder  of  fufion. 
It  is  made  with  three  parts  of  nitre,  one  part  of  fulphur, 
and  one  of  faw-duft.  We  put  a  little  of  this  powder  in- 
to a  nut-fhell,  with  a  piece  of  fix  farthings  bent:  this 
piece  is  covered  with  the  fame  powder,  and  we  apply 
the  fire  to  it ;  it  kindles  rapidly,  and  fufes  the  piece,  which 
we  accordingly  find  in  the  fhell,  which  is  only  black- 
ened without  being  burnt.  On  this  account  we  take 
care  to  plunge  it  into  water  as  foon  as  the  powder  has 
ceafed  to  burn.  This  experiment  indeed  proves,  that 
this  powder  is  a  very  good  flux;  tout  as  it  is  owing  in  a 
great  meafure  to  the  action  of  the  fulphur  on  the  metal, 
we  (hall  refume  the  confideration  of  this  fad  in  the  hi- 
ftory  of  Metallic  Subftances. 

The  neutral,  marine,  and  fparry  falts,  and  the  different 
fpecies  of  borax,  have  no  action  on  fulphur.  We*have 
feen,  that  the  aerated  alkaline  falts  united  with  this  fub- 
i'lance,  and  rendered  it  foluble  in  water.  Inflammable 
gas  does  not  act  in  any  remarkable  degree  on  fulphur. 
It  is  of  importance  to  obferve,  that  very  great  analogies 
ieem  to  fubfift  between  thefe  two  bodies.  The  vitriolic 
acid,  in  its  combination  with  combuftible  bodies,  pro- 
duces frequently  inflammable  gas,  frequently  fulphur. 
In  all  the  places  where  inflammable  gas  is  produced,  as 
in  the  animal  matters  which  are  putrefying  in  large 
maffes,  fulphur  is  likewife  formed.  This  laft,  combined 
with  the  alkaline  fubftances,  is  altered,  and  pafles  to  the 
ftate  of  inflammable  or  hepatic  gas.  Laftly,  inflammable 

i  gas  acts  on  a  great  number  of  fubftances  as  fulphur 
does.  Thefe  hints  on  the  analogies  of  thefe  two  fub- 
ftances require,  as  we  fee,  a  particular  refearch,  in  order 

I  to  confirm  them. 

Sulphur  is  fufceptible  of  combining  with  many  other 

i  fubftances ;  but  as  we  are  not  yet  acquainted  with  them, 
we  (hall  forbear  faying  any  thing  about  their  union  with 

i  this  mineral  till  we  treat  of  their  properties. 

Sulphur  is  an  excellent  medicine  in  the  pituitous  dif- 
eafes  of  the  lungs  ->  and  above  all  in  the  difeafes  of  the 
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*5£    U  j  ermP[°yed  with  g^at  fuccefs  in  the  humid 
afthma  and  fcabby  eruptions.    It  is  adminiftered  either 
in  the  form  of  flowers  of  fulphur,  or  in  tablets  prepared 
with  iugar.    With  the  oils  we  make  an  ointment,  with 
which  we  anoint  the  parts  covered  with  fcabs 
.    The  livers  of  fulphur  have  been  propofed  for  obfiruc- 
tions,  niimbneffes,  palfies,  the  difeafes  of  the  fkin  &c 
Although  fome  phyficians  have  fuppofed  that  fulphur 
does  not  diflolve  in  the  animal  humours,  it  is  however 
certain  that  it  penetrates  even  to  the  moft  fine  vafcular 
extremities,  fince  the  perfons  who  ufe  it  have  their  per- 
Jpiration,  urine,  and  fpittle  manifeftly  impregnated  with 
n'    The  hepatic  gas  diffolved  in  the  mineral  waters,  as 
thofe  of  Cauterez,  Aix-la-Chapelle,  Montmorency,  com- 
municates to  them  expectorant  properties;  and 'is  very  j 
much  recommended  in  the  difeafes  of  the  fkin,  lungs  i 
articulations,  and  in  palfies.  1 

Sulphur  is  of  no  lefs  ufe  in  the  arts :  it  is  one  of  thefl 
mod  neceffary  ingredients  in  gunpowder;  it  is  ufed  to  j 
take  very  elegant  impreffions  from  engraved  ftones;  j 
combuftible  matches  are  made  with  it;  it  is  ufed  to 
whiten  filks,  and  to  deftroy  certain  colours ;  to  flop  the 
fermentation  of  wines,  &c. 


LECTURE  XXVL 
Genus  4.    Metallic  Subftances. 

THE  metallic  fubflances  form  an  order  of  bodies 
very  important  and  very  ufeful  in  the  different 
purpofes  of  life,  in  chemift ry,  and  in  medicine.  They 
differ  effentially  from  the  earthy  and  faline  matters  in 
their  phyfical  qualities,  as  well  as  in  chemical  pro- 
perties.   Previous  to  our  entering  upon  the  examina- 
tion of  each  of  thofe  fubflances  in  particular,  it  is  ne- 
ceffary  to  confider  them  in  general.    To  do  this  in 
order,  we  mall  treat,  in  feveral  paragraphs,   1.  Of 
their  phyfical  properties ;  2.  Of  their  chemical  pro- 
1  perties  5 
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perties;  3.  Of  their  natural  hiftory ;  4.  Of  the  art 
of  knowing  their  nature  and  quantity,  or  of  effaying ; 

5.  That  of  working  them  in  great,  or  of  metallurgy; 

6.  Of  the  manner  of  diftinguilhing  them  from  one 
another,  and  of  the  divifions  which  it  is  effential  to  . 
eftablim  among  them. 

§1.0/"  the  -phyfical  Properties  of  metallic  Sabftances. 

The  metallic  fubftances  have  an  abfolute  opacity. 
This  opacity  is  much  greater  than  that  of  the  ftony 
matters ;  for  the  moft  opaque  (lone,  when  in  very  mi- 
nute laminae,  has  a  kind  of  tranfparency  ;  whereas  the 
fineft  lamina  of  any  metal  is  perfectly  opaque,  and  as 
much  fo  as  a  large  mafs  of  the  fame  metal.  The  opa- 
city of  the  metallic  fubftances  renders  them  very  proper 
to  reflect  the  rays  of  light,  and  no  body  poflefles  this 
property  in  fo  remarkable  a  degree  as  thefe  fubftances ; 
hence  glafs  mirrors  reflect  objects  only  becaufe  they  are 
covered  with  a  leaf  of  metal.  This  property,  particu- 
lar to  the  metals,  conftitutes  brightnefs,  or  metallic 
brilliancy  ;  a  quality  which  is  always  in  the  compound 
ratio  of  the  denfity  or  hardnefs  of  the  metals,  which  al- 
lows it  to  take  a  very  bright  polifh,  and  of  its  colour. 
The  white  metallic  fubftances  reflect  more  rays,  and 
are  more  brilliant,  than  fuch  as  are  coloured. 

The  metallic  fubftances  have  a  fpecific  gravity  much 
more  confiderable  than  the  other  mineral  bodies.  A 
cubic  foot  of  marble  weighs  only  252  lb. ;  a  cubic  foot 
of  tin,  which  is  the  lighted  of  the  metals,  weighs 
5  1 6  lb. ;  and  a  cubic  foot  of  gold,  1326  lb.  This 
weight,  much  above  that  of  the  .earthy  matters,  without 
doubt  depends  on  the  great  denfity  of  the  metallic  fub- 
ftances, to  which  they  alfo  owe  their  perfect  opacity 
and  brilliancy. 

The  greateft  part  of  the  metallic  fubftances  is  fufcep- 
tible  of  extenfion,  by  means  of  a  repeated  percuflion  or 
of  a  ftrong  preflure.  This  property,  which  is  particular 
to  thefe  fubftances,  and  which  we  have  not  had  occa- 
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fion  to  obferve  in  any  fubftances  that  we  have  yet  exa 
mined,  is  called  duclility.    We  think  that  two  kinds  of 
«  ought  to  be  diftinguiflied.    The  one,  called  duclility 
by  means  of  the  hammer,  or  malleability,  is  diftinguiflied  by 
this,  that  the  metals  having  this  property  may  be  extend- 
ed into  minute  lamina;  without  breaking.  Lead  and  tin 
give  us  an  example  of  this  fort  of  dudility.   The  other 
confifts  in  a  fucceflive  and  almoft  extreme  elongation' 
of  certain  metallic  fubftances,  fo  that  they  form  a  thread 
more  or  lefs  fine.    This  is  the  ductility  in  wire-draw- 
ing,  fuch  as  is  obferved  in  iron,  copper,  and  gold.  It 
has  alfo  got  the  name  of  tenacity.    It  is  of  the  more 
importance  to  diftinguifli  well  thefe  tw8  forts  of  duc- 
tility, as  they  feem  to  be  really  very  different  from 
one  another ;  fmce  metallic  fubftances,  which  are  very 
malleable,  often  poffefs  very  little  tenacity ;  and  thofe 
which  are  eafily  drawn  into  wire  are  in  a  fmall  de- 
gree malleable.    We  eftimate  the  tenacity  of  metals 
in   a  very  exact  manner,  by  marking  the  weight 
which  a  metallic  thread  of  a  known  diameter  is  able 
to  fupport  without  breaking.     Both  thefe  properties 
feem  to  depend  on  a  particular  form  of  the  integrant 
parts  of  each  metal.    It  feems  that  the  metals  which 
extend  into  thin  plates  by  percuflion,  are  formed  of 
fmall  laminae,  which,  when  we  come  to  ftrike  them, 
Aide  on  the  fides  of  one  another,  and  increafe  in  fize  in 
proportion  as  they  lofe  their  thicknefs ;  whilft  thole 
which  can  be  drawn  prefent  a  kind  of  fibrous  texture, 
whofe  filaments,  difpofed  in  pacquets,  approximate,  and 
are  elongated  by  means  of  the  ftrong  preffure  to  which 
we  fubjecl:  them  in  drawing.    The  dudility  of  the  me- 
tals has  bounds.    It  is  obferved,  that  when  a  metal, 
even  very  du&ile,  has  received  feveral  ft.  okes  of  a  ham- 
mer, it  hardens  and  rents,  in  place  of  extending  :  this 
property  is  called  ftiffcning.    ^Vhen  we  heat  flowly 
and  cautioufly  a  ftiffened  metal,  it  becomes  more  duc- 
tile, and  may  be  ftruck  without  breaking.    It  feems 
that  the  parts  extend  under  the  hammer  only  as  they 
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find  between  them  a  fpace  which  they  can  fill,  in  pro- 
portion as  they  yield  ,to  the  preffure.  We  eafily  con- 
ceive, that  the  parts,  once  brought  fo  near  by  percuffion 
as  to  leave  between  them  no  interval,  could  no  longer 
yield  to  the  hammer;  and  that  in  this  cafe  the  metal 
will  rent.  Heat,  by  dilating  it,  feparates  its  parts,  and 
produces  new  ^>aces  between  them,  which  allow  them 
to  approach  anew  by  means  of  the  repeated  percuffions. 

As  ductility  is  found  in  certain  metallic  fubftances 
only,  the  chemifts  and  naturalifts  have  ufed  the  pre- 
fence  and  abfence  of  this  property  to  diftinguifh  thofe 
fubftances.  Thofe  which  join  ductility  to  opacity, 
weight,  and  metallic  brilliancy,  they  have  called  7ne- 
tals  ;  and  femi-metals,  thofe,  which,  with  the  metallic 
appearance,  are  not  ductile.  But  this  distinction,  though 
exact  enough,  is  not  fufficient  for  dividing  all  the  me- 
tallic-fubftances  into  two  claffes  ;  becaufe,  from  the  ex- 
treme ductility  of  gold  to  the  Angular  brittlenefs  of  arfe- 
nic,  we  find  this  property  vary  by  infenfible  degrees  £ 
and  becaufe  there  is  perhaps  a  greater  difference  be- 
tween the  ductility  of  gold  and  that  of  lead,  which  is 
looked  upon  as  a  metal,  than  there  is  between  lead 
and  zinc,  which  is  ranked  among  the  femi-metals,  and 
between  zinc  and  arfenic ;  nature,  it  would  appear., 
pafiing  by  infenfible  (hades  from  one  body  to  another. 

The  metals,  confidered  with  refpect  to  the  degree  of 
their  ductility,  ought  to  be  ranked  in  the  following  or- 
der. Gold  is  the*  molt  malleable  of  all ;  then  filver, 
copper,  iron,  tin,  and  lead.  The  femimetals  have  been 
looked  upon  as  poflemng  no  ductility.  However,  we  mall 
fee  that  this  property  exifts  in  a  certain  degree  in  zinc 
and  in  mercury.  As  to  tenacity,  gold  has  the  molt : 
then  we  place  iron,  copper,  filver,  tin,  and  lead.  That 
of  platina  is  not  known. 

The  metallic  fubftances  are  fufceptible  of  affuming  a 
regular  form,  either  by  the  work  of  nature  or  the  ef- 
forts of  art.  A  long  time  ago,  the  naturalifts  knew 
this  property,  which  nature  had  prefented  to  them  in 
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native  bifmuth,  pure  filver,  and  fome  other  metals. 
The  alchemifls  alfo  had  obferved  the  ramified  or  ftarrec 
figures  which  are  formed  at  the  fur  face  of  regulus  ol 
antimony  and  of  bifmuth,  M.  Baume,  in  the  fecond 
volume  of  his  Experimental  and  Rational  Chemiftry 
has  afferted,  that  the  metallic  fubftances  which  have 
been  well  fufed,  affume,  by  a  flow  cooling,  a  fymmetri- 
cal  and  regular  arrangement.  M.  l'Abbe  Mongez, 
royal  canon  of  Saint  Genevieve,  has  compofed  a  work 
on  the  cryftallization  of  all  metallic  fubftances.  M. 
Brongniart,  profeffor  of  chemiftry  in  the  Royal  Gar- 
den, has  alfo  been  bufied  upon  this  fubjeft ;  and  many, 
chemifts  have  repeated  their  proceffes.  The  remit  of: 
them  is,  that  all  the  metals  are  capable  of  cry ftallizingj, 
and  though  feveral  of  them  may  have  a  cryftallizationi 
different  in  appearance,  the  greateft  number,  however,, 
prefent  the  fame  form,  with  fome  modifications. 

Some  metallic  fubftances  have  tafte  and  fmell ;  as  rel 
gulus  of  arfenic  and  of  antimony,  lead,  copper,  and! 
iron.  Thefe  properties  are  conftantly  found  in  all  thofe: 
which  are  the  rnofi  alterable.  Sometimes  they  are: 
even  in  fo  remarkable  a  degree,  that  thofe  fubftances 
are  capable  of  corroding  and  entirely  deftroying  the: 
animal  organs. 

§  2.  Of  the  chemical  Properties  of  metallic  Subfiances, 

All  the  chemical  properties  of  the  metallic  fubl 
fiances  feem  to  demonftrate  that  they  are  fimple,  and* 
that  they  cannot  be  decompofed.  The  alterations I 
which  they  undergo  from  the  light,  heat,  air,  and  fa- 
line  .fubftances,  are  always  owing,  as  we  have  faid,  to-l 
combinations ;  and  not  one  of  thefe  alterations  can  bej 
compared  to  an  analyfis,  as  we  fliall  demonftrate  by  a| 
particular  explanation  of  the  phenomena  which  they] 
exhibit. 

Light  alters  the  colour  and  brilliancy  of  fome  metal- 1 
lie  fubftances.  Well  ftiut  up  in  tranfparent  veffels,  they  ] 
are  tarniflied  by  it,  and  aflume  a  different  colour,  which  1 
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makes  their  brilliancy  gradually  difappear.  This  kind, 
or'  alteration  has  not  been  farther  examined. 

Heat  makes  them  undergo  only  fome  changes  of  ag- 
gregation, and  that  with  more  or  lefs  facility  or  readi- 
nefs.  All  the  metallic  fubftances  heated  in  clofe  vef*- 
fels  fufe,  fome  before  they  are  red,  others  in  the  in- 
ftant  they  become  fo,  others  a  long  time  after  they 
are  reddened.  There  are  as  many  degrees  of  fufibi- 
lity,  as  there  are  fpecies  of  metals.  If  we  leave  them 
to  cool  after  they  have  been  fufed,  they  cryftallize  % 
if  we  urge  them  with  a  violent  fire,  they  boil  like 
fluids,  and  are  reduced  into  vapours.  It  is  a  long  time 
fince  thefe  properties  in  mercury  were  known.  Seve- 
ral goldfmiths  have  allured  me,  that  they  have  feen  gold 
and  filver  boil  in  fufion.  M.  de  Buffon  has  obferved* 
that  by  expofing  plates  of  filver  to  the  focus  of  a  large 
concave  mirror,  he  raifed  a  white  fume  from  the  fur- 
face  of  the  plates.  Meffrs  Macquer  and  Lavoifier  ha- 
ving expofed  fome  cupelled  filver  to  the  focus  of  M. 
Tfchirnhaufen's  lens,  fawthis  metal  exhale  in  fmoke;  a 
plate  of  gold  expofed  to  this  fmoke  was  perfectly  filver- 
ed  over.  Gold  expofed  to  the  fame  focus  likewife  gave 
fumes  which  perfedly  gilded  a  plate  of  filver.  The  gold- 
fmiths and  effayers  chimneys  are  filled  with  the  fumes 
of  gold  and  filver.  Copper,  tin,  lead,  zinc,  bifmuth, 
and  arfenic,  are  very  eafily  volatilized. 

All  metals  when  fufed  appear  convex  at  their  fur- 
face  ;  and  when  they  are  in  very  final!  maffes,  they 
form  perfect  fpheres :  this  effect  depends  on  the  force 
:  of  aggregation  which  makes  the  metallic  parts  approach 
'  to  one  another,  and  on  their  fmall  tendency  to  combi- 
nation with  the  bodies  in  which  they  are  put.  This  pro- 
perty is  common  to  all  fluids;  and  we  may  obferve  it  in 
oil  with  regard  to  water,  and  in  water  with  regard  to 
greafy  fubftances.  The  metals  expofed  to  the  aftion  of 
the  fire  with  the  contaft  of  air  fuffer  very  fenfible  altera- 
tions; lomefooner,  others  more  flowly.  Thofe  which  are 
not  ienfibly  altered  are  called  perfect  metals;  and  thofe 
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imperfea,  which  entirely  lofe  their  metallic  properties  b* 
this  procefs.    This  alteration  of  the  metallic  fubftances 
which  we  call  calcination,  is  a  true  cornbuftion ;  it  can-' 
not  be  done  without  the  help  of  the  air,  as  is  the  cafe 
with  all  combuftible  fubftances :  and  when  it  has  taken 
place  fome  time  in  a  certain  quantity  of  air,  it  cannot 
be  longer,  continued  unlefs  the  air  be  renewed.  This 
air  in  which  the  metals  have  burnt,  has  become  mephi- 
tic:  the  cornbuftion  of  the  metallic  fubftances  is  accom- 
panied with  a  more  or  lefs  vivid  flame  ;  this  flame  \s 
very  fenfible  in  zinc,  regulus  of  arfenic,  iron,  gold,  and 
filver;  it  is  the  fame  in  tin,  lead,  and  regulus  of  anti- 
mony, which  have  been  ftrongly  heated.    By  burning, 
the  metals  lofe  their  metallic  properties  in  a  manner  fo 
much  the  more  remarkable,  as  they  have  been  expofed 
for  a  longer  time  to  the  a&ion  of  fire  and  to  the  contact 
of  air ;  fome  feem  then  to  approach  to  the  character  of 
earthy  matters:  in  this  ftate  therefore  they  have  got  the 
name  of  metallic  earths.    To  this  name  we  would  pre- 
fer that  of  metallic  calces ;  becaufe  it  is  now  demonftra- 
ted,  that  thofe  burnt  metals  are  not  earths,  as  it  was  fome 
years  ago  believed.  The  metallic  calces  have  no  longer 
the  briiliancy  and  fufibility  of  metals;  they  no  longer 
have  any  affinity  with  thefe  bodies,  nor  even  with  the  me- 
tal that  has  been  employed  to  fufFer  fuch  a  change.  If  we 
urge  them  with  the  fire,  they  are  volatilized,  or  fufed  into 
a  glars.    The  glafs  is  fo  much  the  more  tranfparent  and 
difficult  of  fufton,  as  they  have  been  more  ftrongly  cal-8 
cined.    The  calces,  or  metallic  glaffes,  unite  with  the 
earthy  and  faline  matters.    Several  of  them  have  the 
characters  of  faline  matters.    Arfenic  well  calcined  be- 
comes a  particular  acid,  whofe  properties  have  been  ex- 
amined by  Meffrs  Scheele  and  Bergman.    M.  Rouelle 
has  informed  us,  that  calx  of  antimony  diflblved  in 
water,  and  alfo  arfenic.    Some  metallic  calces  expofed 
to  the  action  of  the  fire  are  reduced  to  their  metallic 
{late;  and  in  their  reduction  furnifh  an  aeriform  fluid, 
which  is  the  molt  pure  air  that  we  know.  We  owe  the 
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firft  knowledge  of  this  fact  to  M.  Bayen.  He  obferved, 
that  the  calces  of  mercury  heated  in  clofe  vclfels  gave 
much  air  j  and  that  they  were  reduced  into  flowing  mer- 
cury. Dr  Prieftley  having  examined  this  air,  law  that 
it  was  much  better  than  atmofpheric  air ;  and  to  this 
difcovery  we  ought  to  affign  the  epoch  of  our  exact 
knowledge  of  /the  calcination  of  metals.  Let  us  dwell 
a  moment  on  the  phenomena  of  this  operation.  A 
metal  never  calcines,  till  it  be  expofed  to  the  contact 
of  air :  the  greater  this  contact,  the  more  the  metal  is 
calcined,  as  M.  Lavoifier .  has  ingeniously  demonftra- 
ted,  by  means  of  a  reflecting  mirror,  in  the  calcination 
of  lead  in  a  vefTel,  which  contained  a  known  quantity 
of  air.  In  calcining,  the  metal  abforbs  a  portion  of  the 
air  which  furrounds  it,  fince  the  mercury,  above  which 
we  calcine  a  metal  under  a  veffel,  mounts  in  this  veifel 
as  the  calcination  advances.  It  is  to  this  portion  of  air 
abforbed,  that  the  metallic  calces  owe  the  weight  which 
they  acquire  in  this  calcination ;  fince,  when  we  extract 
it  from  the  calces  of  mercury,  they  lofe,  in  their  reduc- 
tion to  the  metallic  ftate,  that  excels  of  weight,  which 
we  exactly  find  again  in  the  air  that  they  furnifh  by 
means  of  diftillation.  From  thefe  phenomena  it  feems 
demonftrated,  that  calcination  is  nothing  but  the  combi- 
nation of  the  metal  with  pure  air  contained  in  the  atmo- 
fphere.  This  combination  is  often  effected  by  the  con- 
tact of  the  air  alone  in  the  metals  which  calcine  or  grow 
rufty.  If  we  are  under  the  neceflity  of  heating  the  mod 
part  of  the  metals  in  order  to  calcine  them,  it  is  only  be- 
caufe  the  heat,  by  diminilhing  the  force  of  aggregation, 
augments  in  the  fame  proportion  the  force  of  affinity,  or 
of  combination,  and  thus  promotes  that  action,  which  we 
wifti  to  produce  between  the  air  and  the  metal.  In  this 
operation  then,  as  in  many  folutions,  heat  is  only  an  auxi- 
liary. The  air  which  has  ferved  to  calcine  a  metal  can 
no  longer  fupport  combuflion,  became  it  is  deprived  of 
this  pure  portion,  of  this  virgin  air,  of  this  vital  principle 
of  the  ancients,  which  alone  can  fupport  combuftion 
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and  life.    The  more  pure  air  the  atmofphere  contains 
the  more  proper  it  is  for  calcining  quickly  a  given  quan 
my  of  metal.     I  have  often  obferved/  trfat 2  ch 
greater  quantity  of  metallic  calx  of  lead,  biimuth,  &d 
can  be  made  by  plunging  them  when  fufed  into  a  veflel 
full  of  pure  or  dephlogifticated  air,  than  can  be  made 
m  the  fame  time  in  the  open  air.  All  thefe  facts,  and  a 
great  number  of  others,  which  will  be  found  in  the  par- 
ticular h.ftory  of  each  metal,  are  very  proper  to  demon, 
itrate,  that  a  metallic  calx  is  nothing  elfe  than  a  chemi- 
cal combination  of  the  metal  and  pure  air ;  that  calci- 
nation is  nothing  elfe  but  the  very  aft  of  this  combina- 
tion, and  that  the  atmofpheric  air  is  decompofed  in  this 
operation. 

The  reduction  of  the  metals  by  means  of  combuftible 
matters,  clears  up  this  theory  ftill  more,  and  gives  it  a 
new  force.    When  we  wifh  to  reduce  a  calx  to  its  me- 
tallic ftate,  we  are  often  obliged  to  heat  it  in  ciofe  vef- 
fels  with  combuftible  matter,  as  with  fats,  oils,  char- 
coal, &c.    In  all  thofe  cafes  we  decompofe  the  metallic 
calx,  by  taking  from  it  the  air  which  rendered  it  a  calx. 
To  underftand  well  what  happens  in  this  operation,  we 
muft  conceive,  r.  That  the  metals  are  not  the  mod  com- 
buftible bodies  in  nature  ;  or,  what  is  the  fame  thing-, 
that  they  have  not  the  greateft  poffible  affinity  with  pure 
air.    2.  That  the  vegetable  or  animal  combuftible  mat- 
ters  have  more  affinity  with  pure  air  than  the  metallic 
fubftances  have.   3.  That  in  confequence,  when  we  re- 
duce a  metallic  calx  by  means  of  charcoal,  this  being 
more  combuftible  than  the  metal,  or  having  more  affi- 
nity than  it  with  pure  air,  it  attracts  the  air,  and  decom- 
pofes  the  metallic  calx,  which,  deprived  of  air,  is  no- 
thing but  the  metal  itfelf.    Thefe  kinds  of  operations 
alfo  do  not  l'ucceed  completely  but  in  clofe  vefiels,  where 
the  combuftible  matter  not  having  contact  with  the  air, 
is  obliged  to  burn  by  means  of  that  of  the  calx.  For 
this  reafon  the  portion  of  this  inflammable  fubftatice 
which  has  feized  on  the  pure  air  of  the  metallic  calx, 
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is  found  to  be  in  the  ftate  of  cinders  after  the  reduc- 
tion. 

It  would  be  unpardonable,  in  giving  the  hiftory  of  the 
calcination  of  metals,  according  to  the  theory  of  fome 
moderns,  to  pafs  over  in  filence  that  of  Stahl,  which 
has  been  almoft  univerfally  adopted  by  all  the  chemifts, 
and  to  feem  tc/give  the  preference  to  the  firft,  without 
giving  particular  reafons  for  fo  doing.  Stahl  looked 
upon  the  metallic  fubftances  as  compounds  of  particular 
earths  and  phiogifton.  According  to  him,  calcination 
was  only  the  difengagement  of  the  phlogiiton ;  and  re- 
duction reftored  to  the  metallic  calces  this  principle 
which  they  had  loft  in  their  calcination.  We  fee  that  this 
theory  is  abfolutely  the  inverfe  of  the  firft  ;  fmce  it  af- 
firms that  the  metals  are  compound  fubftances,  whilffc 
the  pneumatic  theory  confiders  them  as  fimple.  Accord- 
ing to  Stahl,  they  lofe  a  principle  in  their  calcination 
according  to  the  new  doctrine ;  and  we  think  that  they 
:  combine  with  another  fubftance  in  this  operation.  In 
the  laft  place,  this  great  man  thought,  that  during  re- 
duction the  metallic  calces  refume  the  phiogifton  which 
was  difengaged  by  the  action  of  the  fire ;  on  the  con- 
trary, fome  moderns  think  that  the  reduction  is  only  the 
fimple  difengagement  of  the  fubftance  which  was  com- 
bined with  them  during  calcination. 

From  this  flight  comparifon  of  thefe  two  theories,  let 
us  try  to  (how,  to  whether  of  the  two  the  greateft  num- 
ber of  fads  is  favourable.  Let  us  again  repeat  here,  that 
Stahl,  intent  folely  on  demonftrating  the  prefence  of 
phiogifton  in  the  metals,  feems  to  have  overlooked  the 
influence  of  the  air  in  calcination.  But  Becher,  Jean 
Rey,  Boyle,  and  feveral  other  chemifts,  fufpected  that 
this  element  had  the  principal  mare  in  thefe  phenomena. 
The  theory  of  Stahl,  however  fatisfactory  it  may  have, 
appeared  till  the  epoch  of  the  new  difcoveries  on  air, 
cannot  now  be  found  to  agree  with  all  the  facts,  which 
demonftrate  the  neceflity  and  action  of  this  fluid  in  cal- 
cination.   There  are  therefore  feveral  inexplicable  phe- 

Z  4  nomena 
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nomena  in  Stahl's  theory,  which  even  render  it  imper. 
feft.    Such  is,  for  example,  the  weight  of  the  rae* 
calces  being  more  confiderabie  than  that  of  the  ma 
before  their  calcination.    We  .hall  never  conceive  how 
a  body  can  augment  in  weight  by  lofmg  one  of  i  s  con 
ftituent  parts ;  and  as  weight  is  one  of  the  prone  ties 
which  ferves  to  demonftrate  the  prefence  of'any  fl 
tance,  the  ingenious  explanation  which  M.  de  Morveau 
m  his  D,ffertat10n  on  Phlogifton,  has  given  of  the  phi 
nomcnon  m  qucftion,  cannot  be  entirely  fatisfacW 
particularly  fmce  we  have  difcovered  the  exiftence  o 
air  ,n  metallic  calces.  From  thefe  fafts  then  it  appears 

W  V    Pm  UmSic  the°ry  has  fome  advantages  over" 
that  of  Stahl.    However,  M.  Macquer,  guided  by  that 
fage  circumfpeclion  which  we  cannot  but  praife,  ha, 
connefted  the  modern  difcoveries  with  the  doctrine  ofj 
phlogifton,  and  has  even  thought  that  they  ferve  to  con- 
rirm  it.    According  to  this  celebrated  chemift,  the  me- 1 
tals  cannot  lofe  their  phlogifton  and  be  calcined,  but  as 

^T^r  lthe  atmofPhere  is  Precipitated  and  unites 
with  their  fubftance;  and  they  are  not  reduced  till  the  1 
phlogifton,  aided  by  heat,  difengages  the  pure  air  from 
them :  fo  that  thefe  two  fubitances  are  mutually  preci- 
pitants  of  one  another. 

The  metallic  fubitances  are  altered  by  the  air:  their! 
iurrace  tannines :  fome  are  covered  with  ruft.  The  che3 
mills  have  looked  upon  the  ruft  as  a  metallic  calx.  We 
ihall  have  feveral  times  occafion  to  recur  to  this  fubje&I 

Water  dilfolves  certain  metals ;  it  has  no  action  on 
others :  it  promotes  in  a  fingular  manner  the  ruft  on  thofe, 
which  are  fufceptible  of  it. 

The  earthy  fubitances  feem  to  have  no  aftion  on  the 
metals.  We  do  not  know  the  aclion  of  the  faline-' 
earthy  fubftances  on  them.  The  alkalis  diffolve  fome 
of  them,  but  aft  very  weakly  on  moft  of  them.  The 
acids  combine  much  better  with  the  metals.  The  vitri-i 
olic  acid  produces  either  inflammable  gas  or  fulphu- 
reous  gas,  or  fulphur,  in  uniting,  according  to  Stahl, 
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with  their  phlogifton;  or  by  being  decompofed,  accord- 
ing to  the  moderns,  and  by  lofing  its  pure  air,  which  is 
taken  from  it  by  the  metallic  fubftances. 

The  nitrous  acid  frequently  diffolves  them  with  more 
rapidity  than  the  vitriolic ;  though,  in  general,  its  adhe- 
fion  is  much  weaker.  It  produces  a  great  quantity  of 
nitrous  gas ;  /he  metal  is  found  more  or  lefs  calcined ; 
it  is  precipitated,  or  rather  it  remains  united  to  the 
acid.  Stahl  attributed  this  effect  to  the  difengagement 
of  the  phlogifton  of  the  metals.  Some  chemiits  think 
that  it  is  owing  to  the  decompofition  of  the  acid,  and  to 
the  feparation  of  the  pure  air  and  nitrous  gas,  which  they 
look  upon  as  the  two  principles  of  this  acid.  M.  Prouft 
has  difcovered  that  feveral  metals  make  nitrous  acid  de- 
tonate.   Journal  de  Medicine,  July  1778. 

The  marine  acid  in  general  ads  with  lefs  energy  on 
thefe  fubftances.  However,  the  folutions  which  it  makes 
are  more  permanent,  and  often  more  difficult  to  be  de- 
compofed, than  thofe  by  the  preceding  acids. 

Aqua  regia  diffolves  them  with  particular  phenomena. 

The  aerial  acid  attra&s  them  but  weakly;  however, 
it  is  fufceptible  of  combining  with  moft  of  them,  as  is 
demonftrated  by  M.  Bergman.  Nature  often  prefents 
combinations  of  this  acid  with  the  metals,  and  fome- 
times  thofe  kinds  of  falts  are  cryftallized. 

The  fparry  acid,  and  fedative  fait,  alfo  unite  with  the 
metals ;  but  in  general  thofe  compounds  are  little 
known. 

Among  all  the  combinations  of  the  metals  with  the 
acids,  fome  are  fufceptible  of  cryftallizing,  others  aflume 
no  regular  form ;  fome  are  decompofed  by  the  fire,  and 
fome  fufFer  no  alteration  from  it.  The  moft  of  them 
are  altered  by  the  air.  All  are  more  or  lefs  foluble  in 
water,  and  may  be  decompofed  by  this  fluid  in  great 
quantity;  as  M.  Macquer  has  remarked.  All  are  pre- 
cipitated by  clay,  terra  ponderofa,  magnefia,  lime,  and 
the  alkalis,  which  in  general  have  more  affinity  with  the 
acids. 


The 
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The  neutral  falts  are  but  very  little  altered  by  metallic 
fubftances,  as  far  as  their  afton  goes  by  the  humid  way  • 
but  if  we  ftrongly  heat  mixtures  of  thofe  falts  with  the 
metals,  feveral  of  them  are  decompofed.  Several  vitri- 
olic falts  then  form  fulphur.  M.  Monet  is  the  only 
chemift  who  has  properly  underftood  thefe  decompofi- 
tions.  Nitre  detonates  with  the  mod  part  of  them,  and 
calcines  them. 

i  Sal  ammoniac  is  frequently  decompofed  by  thefe  fub- 
ltances. 

Thefe  properties  pointed  out  here  in  general,  fhall  be 
fully  examined  in  the  hiftory  of  each  metallic  fubftance. 

§  3.  Natural  Hiflory  of  the  metallic  Sub  fiances. 

i  The  metallic  fubfhnces  exift  in  the  earth  in  three 
different  Hates-  the  firft  is  that  of  a  pure  or  native  me- 
tal, that  is,  polfefling  all  its  properties :  it  is  thus  gold  is 
always  found ;  frequently  filver,  copper,  mercury,  bif- 
muth,  arfenic ;  rarely  iron;  more  rarely  lead,  zinc,  re- 
gulus  of  antimony;  never  tin  and  cobalt. 

The  fecond  ftate  in  which  the  metallic  fubftances  are  I 
found,  is  that  of  earth  or  calx ;  that  is,  not  having  a  "j 
metallic  appearance,  but  rather  a  kind  of  refemblance 
to  the  ochres,  or  the  ftony  matters  called  /pars.  Hence 
we  call  thefe  ldnds  of  minerals  /parry  metals.  Copper 
is  often  found  in  the  ftate  of  a  green  or  blue  calx,  fome- 
times  regularly  cryftallized;  iron  in  the  ftate  of  ruft, 
or  of  white  or  coloured  fpar,  fometimes  cryftallized ; 
lead  in  the  ftate  of  a  cryftallized  calx,  or  of  white,  red,  I 
or  green  fpar;  tin  in  the  fame  ftate  fometimes;  zinc  in 
the  ftate  of  calamine;  cobalt  in  red  flowers;  and  arfe* 
nic  in  a  white  calx. 

The  third  natural  ftate  of  the  metals,  and  that  which 
Ss  the  moft  common,  conftitutes  ores  or  minerals.  In 
them  the  metallic  fubftance  is  found  combined  with  fome 
matter  which  takes  its  metallic  properties  from  it,  and 
it  cannot  difplay  them  until  it  be  feparated.  This  mat- 
ter, which  is  called  the  miner alizer,  is  either  fulphur,  or 

another 
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another  metal,  or  fome  faline  fubftance.    Zinc,  iron, 
copper,  are  often,  lead  feldom,  found  combined  with  the 
vitriolic  acid.    Some  chemifts  even  afiert,  that  fulphur 
is  the  moft  common  mineralizer.    It  is  united  with  fil- 
ver  in  vitreous  filver ;  copper-  mines  almoft  always  con- 
tain a  very  great  quantity  of  fulphur:  iron  is  combined 
with  this  mine/al  in  the  martial  pyrites,  lead  in  galena, 
mercury  in  cinnabar,  zinc  in  blend,  regulus  in  anti- 
mony; laftly,  we  fometimes  find  bifmuth  combined  with 
fulphur,  and  frequently  arfcnic.  It  is- proper  to  obferve, 
that  all  the  metals  have  not  the  fame  affinity  with  fulphur. 
There  are  fome  which  contain  a  great  quantity  of  it, 
and  eafily  part  with  it ;  their  metallic  brightnefs  appears 
to  be  a  little  altered  by  it;  fuch  as  copper,  lead,  regulus. 
Others  contain  very  little  of  it,  but  it  adheres  very  clofc- 
ly  to  them ;  and  though  it  be  in  fmall  quantity,  it  makes 
almoft  all  the  metallic  qualities  difappear :  fuch  is  the 
I  cafe  with  cinnabar.    Metals  may  be  found  joined  with 
i  other  metals,  but  it  is  arfenic  in  particular  which  mine- 
ralizes them.    Iron,  tin,  and  cobalt,  are  often  found 
combined  with  arfenic;  fometimes  the  metal  is  united 
at  the  fame  time  to  arfenic  and  to  fulphur,  as  in  the  red 
mineral  of  antimony  and  red  filver.    Laftly,  there  are 
:metallic  ores  compofed  of  feveral  metals  and  of  feveral 
mineralizing  fubftances;  as  the  grey  ore  of  copper,  the 
grey  mineral  of  filver,  and  fome  others. 

The  metallic  fubftances  are  much  lefs  abundant  in 
the  terreftrial  globe  than  the  ftony  matters.  In  the 
mountains  they  form  veins  or  ridges,  which  cut  the  beds 
of  earths  and  ftones  more  or  lefs  obliquely.  This  is  the 
molt  ordinary  ftate  of  the  mineralized  metals.  Thofe 
which  are  found  in  the  earthy  ftate,  are  often  in  mattes 
which  the  water  has  carried  along,  and  fometimes  cry- 
italhzed.  We  find  alfo  fome  metallic  ores  in  mapelefs 
mafles ;  then  they  owe  their  formation  to  fome  particular 
accidents.  The  metallic  ridges  are  accompanied  with  ftony 
matters,  which  feem  to  have  been  formed  at  the  fame  time 
With  them.  Thefe  ftones  are  generally  quartz  and  fpar. 

They 
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They  form  two  layers :  the  one  on  which  the  ore  is  pi* 
ced  is  called  the  bed  or  foil;  the  other,  which  covers  it 
is  called  the  roof.  Thefe  (tones  conftitute  what  is  called'' 
the  matrix  of  the  mine,  which  ought  not  to  be  co-- 
founded with  the  mineralizer ;  for  this  is  combined  withi 
the  metal  in  a  manner  that  it  cannot  be  feparated  from 
it  except  by  chemical  procelfes,  whilft  the  matrix  may 
be  feparated  from  it  by  mechanical  means.  Neither 
mult  we  confound  the  matrix,  which  is  formed  of  cry- 
italhzed  ftones,  with  the  rock  which  forms  the  mafs  of 
the  mountain  in  which  the  metallic  ridges  are  found.. 
Thefe  laft  are  divided  into  rich  or  poor,  into  roofed  or 
veined  ridges;  into  ridges  of  a  true  courfe,  which  con-, 
tmue  in  the  fame  direction ;  or  into  uneven  ridges,, 
which  turn,  and  are  interrupted  in  their  courfe. 

All  the  metallic  fubftances  feem  to  owe  their  forma- 
tion to  water.    In  fhort,  mofl  of  them  are  found  cry-  • 
ftalhzed,  or  mixed  with  fubftances,  which  the  fire  could 
not  have  failed  to  alter ;  as  the  calcareous  ftones  and 
fulphur :  and  we  find  among  them  bodies  which  have 
preferred  the  vegetable  or  animal  organization ;  an  or- 
ganization which  fire  would  not  have  regarded.  Per- 
haps there  are  fome  metallic  ores  which  might  havej 
been  formed  by  fire ;  fuch  feems  to  be  the  ore  of  iron  j 
of  the  ifland  of  Elbe:  but  thefe  cafes  are  rare.  Mines 
are  found  more  commonly  in  mountains  than  in  plains;! 
and  almoft  always  in  thofe  which  form  continued  chains.  J 
It  is  obferved,  that  the  plants,  which  grow  at  the  fur-] 
face  of  the  mountains  that  contain  thefe  matters,  are] 
parched;  the  trees  are  twifted,  and  have  a  bad  appear-] 
ance;  mow  melts  on  them  almoft  as  foon  as  it  falls;  the 
fand  often  prefents  metallic  colours ;  fprings  of  metallic  ] 
mineral  waters  are  found  in  the  neighbourhood:  the  j 
examination  of  thefe  waters,  and  of  the  fands  which  j 
they  carry  along,  furnim  very  good  marks  of  the  pre-  j 
fence  of  the  metallic  matter  which  is  in  the  neighbour- 
hood.   When  we  fee  fome  metallic  veins  appear  at  the  I 
furface  of  the  earth,  thefe  marks  mould  be  fufficient  to  j 

caufe 
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caufethe  earth  be  founded.  Sounding,  or  afcertaining 
the  fubfiances  which  compofe  the  heart  of  the  mountain 
along  with  the  metallic  mineral  matter,  ferves  to  mow 
what  is  the  nature  of  this  fubflance,  and  the  refiftancc 
which  we  are  to  expect  from  the  foil. 

§  4.  Of  the  Aft  of  effaying  Ores  (a) ;  or,  Of  Docimafia. 

When  we  have  extracted  a  certain  quantity  of  ore, 
it  is  neceflary  to  make  a  trial  of  it,  in  order  to  know 
exactly  the  nature  and  product.  Thofe  trials  form  one 
of  the  mod  important  parts  in  chemiftry;  to  which  we 
give  the  name  of  docimafia.    They  ought  to  be  varied 

according 

(a)  The  blow  pipe  is  at  prefent  much  employed  to  enable  che- 
mifts  to  form  a  ready  judgment  of  the  properties  of  mineral  bodies. 
This  inftrument  confilts  of  a  tube  fix  inches  long,  with  a  ball  at  the 
end,  from  the  fide  of  which  a  lateral  pipe  comes  out  an  inch  in 
length.  The  purpofe  of  the  ball  is  to  coiled  the  vapours,  and  the 
opening  at  the  extremity  fhould  be  no  larger  than  will  give  admiffion 
to  a  fmall  pin.  A  candle  or  a  lamp  fupplies  the  heat.  The  blow- 
pipe is  brought  near  to  the  flame,  and  the  air  ifluing  through  the 
aperture  propels  it  to  a  great  diftance.  The  flame  is  of  a  conical 
form,  and  of  two  colours.  In  the  external  part  it  is  white;  in  the 
internal  blue.  The  extremity  of  the  blue  part  of  the  flame  is  the 
hotteft  point ;  and  in  order  that  the  body  may  not  cool  during  the 
operation,  the  blaft  muft  be  uniformly  fupported,  by  infpiring  thro* 
the  noftrils,  while  the  cheeks  are  kept  conftantly  full  of  air.  The 
objects  to  be  examined  are  placed  on  fupports  of  different  mate- 
rials: in  mod  cafes  charcoal  anfwers  beft;  but  then  we  muft  be  care- 
ful that  it  be  not  of  a  nature  to  fly  off  with  the  heat,  and  that  it  be 
fufficiently  burned,  left  it  take  fire  and  difturb  the  procefs.  In  o- 
ther  cafes,  when  the  charcoal  abforbs  the  effays,  we  employ  a  fmall 
cup  of  gold,  which  is  to  be  preferred  to  all  other  metallic  fubftances, 
as  it  does  not  calcine  by  heat,  and  is  not  attacked  by  fulphur,  or  by 
the  faline  fluxes.  We  add  fluxes  according  to  the  nature  of  the 
body  to  be  examined,  mineral  alkali,  phofphoric  acid,  aud  borax. 
A  fmaU  fragment  of  the  fpecimen  effayed  is  placed  on  a  fupport 
with  the  proper  additions,  and  the  flame  directed  to  it.  Volatile 
bodies,  fuch  as  arfenic,  are  known  by  the  fmell ;  the  more  fixed,  by 
either  the  appearances  which  they  exhibit  during  the  aft  of  fufion, 
or  after  they  are  cold.  Almoft  all  metals  and  (tones  may  be  known 
by  trials  in  this  way  :  but  the  particular  treatment  requifite  for  the 
effay  of  all  the  different  fpecies,  would  require  too  much  room  for  this 
place,  and  therefore  muft  be  omitted. 
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according  to  the  nature  of  every  ore  ;  however,  there 
are  certain  general  proceffes  which  it  is  proper  to  fol- 
low  in  all  trials.  *  1 

,i  Wei!aae  uP CdmenS  °f  0re'  which  we  cIloofe  arnon^ 
the  richeft,  the  pooreft,  and  thofe  of  a  middle  richnefl 

I  his  operation  is  called  choofmg  the  ores:  it  is  indifpenl 
lable,  becaule  if  we  attempt  the  efTaying  of  a  rich  fpecd 
men  only,  too  nattering  hopes  might  be  conceived ;  if  we 
eHay  very  poor  famples,  we  might  be  difcouraged.  The 
ores  being  chofen,  we  mull:  pound  them  well,  and  then 
vyalh  them  with  plenty  of  water.    This  fluid  carries  ol 
the  matrix  reduced  into  powder;  the  mineral,  as  being 
more  weighty,  remains  at  the  bottom  of  the  veffel  where 
the  warning  is  performed.    The  warned  ore  ought  then 
to  be  roafted,  in  order  to, take  off  by  fublimation  the 
greateft  poffible  quantity  of  the  mineralizer:  this  fhould 
be  done  m  a  fmall  earthen  veffel,  covered  with  one  of] 
the  fame  kind.    This  precaution  is  neceflary,  becaufe  I 
certain  ores  crackle  with  the  fire,  and  jump  out  from  J 
the  capfule  in  which  they  are  roafted :  this  accident  is 
capable  of  rendering  the  refult  uncertain.  As  this  roaft-  ] 
ing,  done  in  open  air,  generally  leaves  the  metal  in  form  j 
ol  a  calx,  and  may  even  make  part  of  it  be  loft  if  the  I 
metal  be  volatile,  we  fhould  prefer  burning  the  ores  \ 
in  a  ftone  retort.    This  operation  has  the  advantage  of  j 
difcovering  the  nature  and  quantity  of  the  mineralizer,  I 
and  of  affording  a  much  more  complete  analyfis  of  rhe 
ore  which  we  are  effaying.  "When  the  ore  has  been 
keptred  for  fome  time,  and  no  vapour  has  exhaled,  the 
roafling  is  finiflied.    As  we  have  weighed  the  ore  be- 
fore and  after  warning,  to  determine  the  quantity  off 
matrix  which  it  contained,  we  weigh  it  again  after  roaft- 
ing,  in  order  to  know  how  much  it  has  loft  in  this  ope- 
ration. 

The  roafted  ore  ought  to  be  fufed.   For  this  purpofe  • 
we  mix  it  with  three  parts  of  black  flux  and  a  little  de- 
crepitated marine  fait ;  we  put  it  into  a  crucible,  /hut 
with  its  cover,  and  place  the  crucible  in  a  good  fufing 
i  furnace. 
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I  furnace.  The  alkali  of  the  black  flux  fufes  the  metal, 
I  and  abforbs  the  portion  of  mineralizer  which  remains 
in  the  ore.  The  charcoal  of  the  tartar,  which  is  found 
in  the  black  flux,  ferves  to  reduce  the  calcined  part  of 
the  metal ;  the  marine  fait  prevents  the  mixture  from 
fufFering  any  lofs  during  the  fufion,  becaufe  this  fait  be- 
ing more  lighf  than  the  other  matters,  always  flies  to 
the  upper  part  of  the  crucible,  covers  the  mixture,  and 
alone  fupports  the  wafte.  The  fufion  being  ended,  we 
muff  leave  the  crucible  to  cool  very  {lowly :  we  know 
that  the  matter  has  been  properly  fufed,  when  the  me- 
tal is  collected  into  a  fingle  button,  convex  at  its  fur- 
face  ;  when  we  find  no  grain  in  the  fcorise ;  and  the 
'  fcoriae  themfelves  are  in  a  vitreous  mafs,  compact  and 
uniform,  covered  with  a  layer  of  fufed  marine  felt.  We 
weigh  exactly  the  metallic  button,  and  we  know  in  what 
proportion  metal  is  contained  in  the  ore  which  we  are 
eflaying. 

There  are  minerals  which  are  more  hard  and  refrac- 
tory :  then  we  add  more  active  fluxes,  and  in  greater 
quantity;  as  borax,  beaten  glafs,  the  fixed  alkalis,  &c. 
It  often  happens  that  the  fame  mineral  contains  perfect 
metals  along  with  imperfect:  they  are  feparated  by  heat- 
ing the  metallic  button  with  the  contact  of  air.  The 
imperfect  metal  is  calcined  and  difiipatedj  the  perfect 
metal  remains  pure :  this  operation  is  generally  called 
refining.  The  perfect  metals  which  we  get  by  this  pro- 
cefs  is  almoft  always  a  mixture  of  gold  and  filver.  Thefe 
two  metals  are  feparated  by  means  of  a  folvent,  which 
attracts  the  filver  and  leaves  the  gold  untouched  :  this 
operation  is  called  parting.  The  refiduums  which  all 
thefe  proceffes  furnifh  ought  to  be  weighed  with  the 

lelfay-balance. 

This  labour,  however  accurate  it  may  appear,  often  is 
lefs  ufeful  to  guide  us  in  exploring  an  ore  than  a  flighter 

'one ;  becaufe  in  works  in  great  we  do  not  employ  ma- 
terials fo  expenfive;  and  befides,  we  do  not  go  to  work 
with  fo  great  care:  we  mult  then  endeavour  to  fufe  the 

ore 
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ore  acrofs  the  coals  in  a  fufing  furnace.  The  coals  re- 
duce  the  metallic  calx ;  the  fixed  alkali  produced  in 
their  combuftion  abforbs  a  portion  of  the  fubftance 
which  mineralizes  the  metal.  It.  is  neceffary  to  add' 
fometimes  a  little  filings  or  fcorise  of  iron,  or  fome  glafs 
gall,  to  facilitate  the  fufion  of  the  very  refractory  ores. 

There  is  a  kind  of  effay  by  the  humid  way,  which 
may  be  pracTifed  when  we  want  to  know  the  metals  con- 
tained in  fpecimens  of  ore  which  we  propofe  to  keep  in 
cabinets  of  natural  hiftory.  We  take  a  fmall  bit  of  the 
fpecimen;  we.  digeft  it  in  the  acids  which  difiblve  the 
metals,  and  feparate  the  mineralizer.  The  fait  which 
refults  from  the  union  of  the  metal  with  the  acid  dif- 
covers  the  quality  of  the  metal  :  but  this  kind  of  effay 
cannot  be  ufed  for  all  forts  of  ores,  becaufe  they  are  not 
all  fufceptible  of  being  affected  by  the  acids. 

§  5'  Of  the  Art  of  extracting  and  purifying  in  Great  the 
Metals;  or,  Of  Metallurgy. 

When  by  a  proper  effay  we  have  afcertained  that  thel 
ore  may  be  fmelted  to  advantage,  we  proceed  in  the 
following  manner.  We  dig  fquare  perpendicular  fhafts, 
large  enough  to  place  in  them  ftraight  ladders  for  the 
workmen  to  defcend  and  afcend.    Above  thefe  pits  we 
generally  put  axles  to  draw  up  the  buckets  charged  with 
ore:  fometimes  alfo  pumps  are  ufed  to  draw  off  the  wa-| 
rer  which  is  collected  in  them.   If  the  mine  be  too  deep 
for  one  pit  to  lead  to  the  bottom  of  the  ridge,  we  make 
a  horizontal  gallery,  at  the  end  of  which  we  dig  a  new*! 
pit,  and  fo  on  until  we  come  to  the  bottom  of -the  mine.-, 

If  the  rock  in  which  we  dig  is  very  hard,  and  capable 
of  fupporting  itfelf,  the  mine  has  no  need  of  being  fup-ij 
ported ;  but  if  we  work  in  foft  rock,  or  in  earth  which 
may  fall  in,  we  are  obliged  to  prop  the  galleries,  and  to 
line  the  pits  with  pieces  of  timber,  which  we  cover  with 
planks  throughout  the  furface.  It  is  effential  to  renew 
the  air  in  mines  :  when  it  is  pofiible  to  to  make  a  hole 
through  a  gallery,  which  from  the  bottom  of  the  pit  leads  3 

ftraight 
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ftraight  up  to  the  plain,  the  current  of  air  is  eafily  efla- 
blifhed  ;  when  that  cannot  be  done,  we  make  a  vent 
which  ends  at  the  extremity  of  the  gallery,  oppofite  to 
:hat  where  the  firft  pit  ends.  When  one  of  the  two  pits 
s  deeper  than  the  other,  the  -air  very  eafily  circulates; 
>ut  if  the  two  pits  are  of  an  equal  height,  a  current  of  air 
annot  be  brought  about :  in  this  cafe  we  kindlft  a  fire 
n  a  furnace  above  one  of  the  pits,  and  the  air  forced  to 
)afs  through  the  combultible  matters  is  continually  re* 
ewed  in  the  gallery. 

Water,  too, 'is  a  very  great  inconvenience  in  mines: 
fit  iffues  out  gradually  between  the  earths,  we  endea- 
/our  to  find  an  outlet  for  it  into  the  plain,  and  frorri 
hence  into  the  neighbouring  dream,  by  means  of  a  le- 
el  through  the  earth.  If  it  collect  in  greater  quan- 
ity,  we  draw  it  off  by  means  of  pumps.  Sometimes 
\\  piercing  the  rocks  there  iffues  an  enormous  quan- 
ity  of  water,  capable  to  fill  in  an  inftant  all  the  ga- 
e&ies :  the  workmen  are  warned  of  this  by  the  found 
vhich  they  hear  in  linking  the  rock  ;  then  they  make 
door  in  one  of*  the  galleries,  which  may  be  mut  by 
ny  perfon;  a  workman  flrikes  the  rock  to  give  vent  to 
he  water;  and  retiring,  {huts  the  door  on  himfelf,  and 
las  time  to  get  to  a  diftance,  before  the  water  can  over- 
ake  him.  .  ' 

In  the  fubterranean  mines,  vapours  of  the  aerial  acid 
nd  of  inflammable  gas  rife,  difengaged,  or  formed  by  . 
ie  reaftion  of  the  mineral  and  metallic  matters  on  one 
nother.  Frequently  alfo  the  fires,  which  the  workmen 
indie  with  the  defign  of  foftening  the  rock,  favour  the 
ifengagcment  of  thefe  gales ;  the  dangerous  effeds  of 
/hich  cannot  be  prevented  except  by  rapid  currents  of 
ir,  or  by  detonation. 

The  ore  taken  out  of  the  earth  is  next  pounded, 
gained,  roafied,  fufed,  and  refined.    The  ore  is  pound- 
d  by  great  peftles  moved  by  a  current  of  air;  the  peftles 
re  called  bocards.    When  pounded,  it  is  walhed  upon 
sibles  inclined  fo  that  the  water  runs  and  carries  off  the 
VoL<  L  A  a  matrix. 
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matrix.  The-  ores  which  contain  much  fulphur  fhouKf 
be  roalted  in  the  air ;  thofe  which  contain  little  of  it 
mould  be  roalted  in  furnaces,  which  afterwards  ferve  to 
iufe  them.  Some  ores  are  fufed  alone  ;  others  require; 
to  be  fufed  acrofs  coals,  and  with  different  fluxes.  The" 
furnaces  for  fulion  differ  according  to  the  country,  and 
the  more  or  lefs  refractory  quality  of  the  ore.  Thofe 
which  ferve  for  refining  are  not  effentially  different  from 
the  firll.  Sometimes  even  thefe ^two  operations  are  done 
in  the  fame  furnace.  When  the  metals  have  been  thus 
reduced,  feveral  are  for  the  molt  part  united  together,-: 
for  their  fcparation,  we  have  recourfe  to  proceffes  enrj 
tirely  chemical,  which  we  Ihall  mention  in  the  article  of 
each  metal. 

§  6.  DiJlinBlon  of  the  metallic  Sub/lances,  and  the  parti- 
cular Hi/lory  of  each  of  them. 
The  number  of  metallic  fubllances  being  very  greaty 
it  is  neceffary  to  eftablim  among  them  an  order,  which 
unites  thofe  whole  properties  are  fimilar,  and  feparates 
thofe  which  differ  from  one  another.  Ductility  ferves 
for  the  firfl  character.  The  metallic  fubllances  which 
have  none  of  it  at  all,  or  which  have  it  in  a  very  limi- 
ted degree,  have  been  called  femi-metals  ;  on  the  coiir 
trary,  thofe  which  are  very  ductile  are  called  metals. 
The  femi-metals  are  either  very  brittle  under  the  ham- 
mer, or  fufceptible  of  flight  extenfion;  which  cccafions. 
a  fubdivifion  in  thefe  fubllances.  The  metals  alfo  may  be 
very  much  fubdivided,  relatively  to  the  manner  in  which 
the  fire  acts  upon  them.  Some  heated  with  the  con- 
courfe  ot  air  are  eafily  calcined;  others,  on  the  contrary, 
when  treated  in  the  fame  way,  fuffer  no  alteration.  The 
firft  are  the  imperfect,  the  fecond  the  perfect  metals. 
In  order  not  to  multiply  divilions  in  the  treatment  of 
them,  we  here  give  a  Table,  in  which  the  metallic  fub- 
ftances  are  difpofed  in  the  rank  that  each  of  them  ought 
to  hold.  Afterwards,  we  mall  give  the  particular  hi- 
ftory  of  each  metal  according  to  this  view,  and  without 
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referring  to  the  divifion  to  which  it  belongs ;  which 
would  be  of  no  ufe  after  the  preliminary  table. 

The  Metallic  Substances. 


'  Either  but  little  Ductile, 
I.  Sedion. 

SEMIM£jfrALS. 

1.  Divifion. 
Some  break  under  the 

Hammer. 
A  r  fenic. 
Cobalt. 
Bifmuth. 

Regulus  of  Antimony. 
Nickel. 
Manganefe. 

2.  Divifion* 
Some  have  a  kind  or  Semi- 
ductility. 

Zinc. 
Mercury. 


Or  very  Ductile. 

II.  S  eft  ion. 
Metals. 

1.  Divifion. 
Some   are   eafily  calcined 

when  heated  with  the  con- 
tact of  Air. 
Imperfect  Metals. 
Lead. 
Tin. 
Iron. 
Copper. 

2.  Divifion. 
Others  are  not  calcined  by 

the  fame  Procefs. 
Perfect  Metals. 
SilVer* 
Gold. 
Platina. 


LECTURE  XXVII. 
Species  1 .  Arfenic,  or  Regulus  of  Arfenic  (a). 

ARsenic  ought  to  be  placed  firft  in  order  of  the 
femi-metals,  becaufe  it  has  great  relation  with  the 
.  falts.    Kunckel  looked  upon  it  as  a  coagulated  aqua- 
fortis. Becher  and  Stahl  thought  it  a  faline  matter.  M. 

A  a  2  Bergman 

(a)  We  give  the  name  of  arfenic  to  the  femimetallic  fubftance 
known  ordinarily  by  that  of  the  regulus  of  arfenic.  This  laft  deno- 
mination is  improper,  and  ought  to  be  dilufed.  What  is  called 
nuhiie  arfenic  is  the  calx  of  this  fetnimetal. 
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Bergman  thinks  that  it  is  capable  of  forming  a  particu- 
lar acid*  M.  Baumc  has  an  opinion  not  very  different- 
however,  Meffrs  Brandt  and  Macquer  have  proved  that 
this  fubftance  was  a  true  femi-metal.  Arfenic,  furnifli- 
ed  with  all  its  properties,  in  reality  has  all  the  charac- 
ters of  metallic  matters:  it  is  perfectly  opaque;  it  has 
the  bnghtnefs  and  brilliancy  peculiar  to  thefe  fubftanccs- 
and  it  is  very  weighty  and  fufible. 

Arfenic  is  often  found  native :  it  is  in  black  maffes, 
not  brilliant,  and  very  heavy.  Sometimes  it  has  the  rael 
talhc  luftre,  and  reflects  feveral  colours  of  the  rainbow. 
When  it  is  broken  it  appears  more  brilliant,  and  feems 
to  be  compofed  of  a  great  number  of  fmall  fcales;  when' 
thefe  fcales  are  perceptible  on  the  outfide  of  fpecimens, 
they  are  then  called  tejlaceous  arfenic,  or  improperly  tel. 
ftaceous  cobalt :  becaufe  formerly,  as  the  metallic  charac- 
ter of  arfenic  was  not  known,  and  as  a  great  quantity 
of  calx  of  arfenic  was  extracted  from  mines  of  cobalt, 
teftaceous  arfenic  was  looked  upon  as  an  ore  of  cobalt. 
Pure  arfenic  is  very  eafily  known,  when  it  has  the  me- 
tailic  luftre,  and  is  in  fmall  fcales:  but  when  it  is  black, 
and  its  fracture  appears  compofed  of  fine  compact  ' 
grains,  it  can  be  difiinguifhed  only  by  its  weight,  which 
is  very  confiderable,  and  becaufe,  if  we  expofe  it  on 
burning  coals,  it  is  entirely  diflipated  in  the  form  oM 
white  fumes,  which  have  a  ftrong  odour  of  garlic.  This 
laft  metal  is  found  in  great  plenty  at  Sainte-Marie-aux- 
Mines.    It  is  mixed  with  the  grey  ore  of  filver  ;  it  is 
found  alfo  among  the  ores  of  cobalt  in  Saxony,  and  at 
Andrarum  in  Scania. 

Sometimes  nature  prefents  arfenic  in  a  white  calx, 
having  even  a  vitreous  appearance ;  but  for  the  moft 
part  in  the  form  of  flowers,  or  mixed  with  fome  earths. 
This  calx  alfo  is  found  at  Sainte-Marie-aux-Mines ;  it  is 
known  by  the  white  fumes  and  odour  of  garlic  which  it 
emits,  when  it  is  thrown  into  the  fire. 

Arfenic  is  often  united  with  fulphurj  in  this  form  it 
is  orpiment  and  realgar.    Native  orpiment  is  in  mafles, 

more 
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more  or  lefs  bulky,  yellow,  brilliant,  and  as  if  talky: 
there  are  fome  of  them  more  or  lefs  brilliant ;  it  is  of- 
ten mixed  with  realgar;  it  fometimes  approaches  to 
green.  Realgar  is  of  a  tranfparent  red,  more  or  lefs 
lively.  Much  of  it  is  found  at  Quito  and  on  Vefuvius. 
Thefe  two  matters  appear  to, differ  only  in  the  greater 
or  lefs  degree  of  fire  which  has  combined  them. 

Mifpikel,  0/  arfenical  pyrites,  is  the  laft  mineral  of 
arfenic.  This  femi-metal  is  found  combined  with  iron. 
Sometimes  mifpikel  is  cryftallized  in  cubes;  fometimes 
it  has  no  regular  form.  This  ore  is  of  a  white  and  cat's- 
eye-ftone  colour.  Wallerius  calls  it  white  cubic  ore  of 
arfenic. 

Arfenic  is  found  alfo  in  mines  of  cobalt,  red  antimony, 
tin,  iron,  copper,  and  filver. 

Pure  arfenic,  likewife  called  regulus  of  arfenic,  is  of 
a  blackilh  grey  colour,  reflecting  the  colours  of  the  rain- 
bow ;  it  is  very  weighty  and  friable. 

Expofed  to  the  fire  in  clofe  vefiels  it  is  fublimed 
without  fuffering  any  decompofiiion  ;  it  is  even  one  of 
the  moft  volatile  metallic  matters.  When  flowly  fubli- 
med, it  is  fufceptible  of  cryftallizing  in  triangular  py- 
ramids. Arfenic  heated  with  the  contact  of  air  is  cal- 
cined very  quickly;  its  calx  is  diflipated  in  the  form 
of  white  fumes,  which  fine  11  Itrongly  of  garlic. 
When  arfenic  is  made  red  hot,  it  feems  to  bum  with 
flame. 

The  calx  of  arfenic  differs  effentially  from  all  metallic 
calxes.  It  has  a  very  ftrong,  and  even  cauftic  tafte ;  it  is  a 
very  violent  poifon.  If  we  expofe  it  to  the  fire  in  clofe 
velfels,  it  is  volatilized  by  a  moderate  heat  into  a  white 
cryftalline  powder,  called  flowers  of  arfenic;  if  the  heat 
be  a  little  Ifronger,  it  is  vitrefied  by  fublimation :  there 
refults  a  very  tranfparent  glafs,  fufceptible  of  cryftalli- 
zing into  a  flat  triangular  Iblid,  whole  angles  are  trun- 
cated. This  glafs  is  eafily  tarnilhed  by  the  air.  No 
metallic  calx  is  volatile  of  itfelf;  and  that  of  arfenic 
alone  prefents  this  property.  It  is  both  very  fufible  and 
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very  vitrefiable.  M.  Brandt  advances,  that  arfenic  is 
diminiflied  in  weight  by  calcination  :  but  this  faft  is  not 
JttU  proved.  Beccher  attributed  the  weight  and  volati- 
l.ty  of  arfenic  to  a  particular  principle,  which  he  called 
mercurial  or  arfenical  earth;  the  exiftence  of  which  Stahi 
has  not  been  able  clearly  to  demonftrate 

Arfenic  in  the  flate  of  a  regulus  does  not  aft  in  any 
fenhble  degree  on  the  combuftible  bodies;  but  the  calx 
and  glafs  of  arfenic  evidently  alter  them,  and  aflumc  the 
metallic  luftre.    Stahl  thinks,  that  in  this  cafe  the  phlo- 
gifton  which  the  arfenic  has  loft  in  calcination  is  refto- 
red  to  it  by  the  combuftible  body.  The  partifans  of  the, 
doctrine  of  the  gales,  on  the  contrary,  fuppofe,  that  the, 
calx  of  arfenic  is  a  compound  of  arfenic  and  pure  air- 
and  that  the  combuftible  body,  by  taking  this  air  from" 
it,  reftores  it  to  the  metallic  ftate.    To  be  fure  of  fuc- 
cefs  in  the  reduftion  of  the  calx  of  arfenic,  we  make  a 
pafte  of  this  calx  in  powder  and  black  foap;  we  put  this 
pafte  into  a  matrafs  on  a  fand  bath;  we  firfl  heat  gently 
to  dry  the  oil ;  when  it  emits  no  more  humid  vapours 
we  mcreafe  the  fire  to  make  the  arfenic  fublime.  We 
break  the  matrafs,  and  we  find  at  its  upper  part  a  cruft, 
having  the  appearance  and  metallic  luftre  of  arfenic ;  the 
greateft  part  of  the  charcoal  of  the  oil  remains  at  the 
bottom  of  the  matrafs. 

Arfenic  expofed  to  the  air  is  fenfibly  blackened;  the  . 
glafs  of"  arfenic  lofes  its  tranfparency,  and  becomes  milky. 

Arfenic  feems  not  to  be  affected  by  water;  but  its 
calx  diilblves  very  well  in  this  menftruum,  in  a  little 
greater  quantity  in  hot  than  in  cold  water.  With  regard 
to  the  reft,  the  folubility  of  this  fubftance  varies  accord- 
ing as  it  has  been  more  or  left  calcined.  The  calx  of 
arfenic  furniihes,  by  the  flow  evaporation  of  its  folmion,  ' 
yellowifh  cryftals  in  triangular  pyramids.  We  know  of 
no  metallic  calx  which  diflblves  in  fo  great  quantity  in 
water.  This  property,  joined  to  its  ftrong  tafte,  makes 
it  approach  to  the  faline  fubftances. 

The  calx  of  arfenic  unites  very  well  with  the  earths 

by 


CHEMISTRY.  375 


by  means  of  f'ufion.    It  is  fixed  with  them,  and  accele- 
rates their  vitrefication  ;  but  all  the  glafies  into  which  it 
enters  have  the  inconvenience  of  being  tarnimed  by  the 
air  in  a'fhort  time.    We  do  not  know  the  action  of  the 
faline-earthy  fubftances  on  arfenic,  nor  on  its  calx.  The 
cauftic  fixed  alkalis,  which  have  no  fenfible  action  on 
it,  very  readily  diffolve  its  calx.    M.  Macquer,  in  his 
elegant  work  cm  this  fubftance,  (Acad.  1746),  has  ob- 
ferved,  that  in  boiling  the  calx  of  arfenic  in  powder  in 
the  liquor  of  fixed  nitre,  or  in  a  folution  of  a  fixed  ve- 
getable alkali  nearly  cauftic,  this  fubftance  is  complete- 
ly difTolved  in  it,  and  forms  a  brown  gelatinous  fluid, 
whofe  confiftence  gradually  augments.  This  compound, 
to  which  he  has  given  the  name  of  liver  of  arfenic,  does 
not  cryftallize  ;  it  becomes  hard  and  brittle  ;  it  is  deli- 
quefcent,  and  foluble  in  water,  which  precipitates  from 
it  fome  brown  fioccules.    Urged  with  a  great  fire,  the 
liver  of  arfenk  parts  with  this  laff.  fubftance.    It  is  de- 
compofed  by  the  acids.    The  mineral  alkali  prefents  the 
fame  phenomena.;  but  its  folution  gave  to  M.  Macquer 
irregular  cryftals,  whofe  form  he  was  unable  to  deter- 
mine. 

The  vitriolic  acid,  even  concentrated,  does  not  affect 
arfenic  in  the  cold  ;  but  if  we  boil  them  together  in  a 
retort,  at  firft  the  'acid  gives  fome  fulphureous  acid,  then 
it  fublimes  a  little  fulphur,  and  the  arfenic  is  found  re- 
duced to  the  ftate  of  a  c:ilx,  but  not  difTolved.  In  like 
manner,  the  oil  of  vitriol,  concentrated  and  boiling,  dif- 
folves  the  calx  of  arfenic  ;  but  when  the  folution  be- 
comes cold,  the  calx  is  precipitated,  and  the  acid  does 
not  feem  to  retain  any  more  of  it.  In  this  combination 
it  requires  a  confiderable  fixity.  M.  Bucquet  alfcrts,  that 
in  warning- it  in  order  to  carry  off  the  little  acid  which 
it  may  contain,  it  refumes  all  its  qualities. 

'1  he  nitrous  acid  attacks  arfenic  violently,  and  cal- 
cines it.  This  acid  likewife,  when  allifted  by  a  gentle 
heat,  diffolves  the  calx  of  arfenic  in  very  confiderable  quan- 
tity. When  faturated  with  the  one  or  the  other  of  thefe 
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fiances,  it  retains  its  peculiar  fmel!;  ftrongly  evapora, 
ted,  it  forms  a  fait  which,  according  to  M.  Bucquet, 
has  no  regular  form  j  and  which  M.  Baume  fays,  is  in 
part  cubic,  and  in  part  cut  into  points  of  diamonds. 
Wallerius^  fays,  that  its  eryftals  are  like  thofe  of  lunar 
nitre.    Nitre  of  arfenic  powerfully  attrafts  humidity 
from  the  air:  it  does  not  detonate  on  the  coals ;  it  is  , 
decompofed  neither  by  the  acids  nor  by  water ;  the  al-  j 
kalis  occafion  no  precipitate  :  however,  according  to  ' 
M.  Bucquet,  they  decompofe  it ;  fmce  by  evaporating 
a  nitrous  arfenical  folution,  to  which  we  have  added  an 
alkaline  ley,  we  get  fome  nitre  and  fome  neutral  arfeni- 
cal fait. 

t  The  marine  acid,  affifled  by  the  aftion  of  the  fir  J 
diflolves  arfenic  and  its  calx,  according  to  M.  Bucquet. 
This  combination  may  be  precipitated  by  fixed  and  vo- 
latile alkalis.  Baume  fays,  that  this  regulus  dilfolves  in 
the  boiling  marine  acid,  and  that  it  is  precipitated  in  a  \ 
yellow  powder  like  fulphur.  Meffrs Bayen  and  Charlard, 
in  their  refearches  on  tin,  have  afferted,  that  the  ma- 
rine acid  has  no  action  on  arfenic  in  the  cold,  and  that 
with  heat  its  action  is  but  very  weak,  and  fcarce  per- 
ceptible. 

We  do  not  know  the  aclion  of  the  other  acids  on 
arfenic  and  its  calx.    Arfenic  mixed  with  nitre,  and 
thrown  into  a  red-hot  crucible,  occafions  a  brilk  deto- 
nation :  the  nitrous  acid  calcines  and  burns  it.  After 
the  operation,  we  find  in  the  crucible  the  fixed  alkali 
which  was  the  bafe  of  the  nitre,  and  the  arfenic  redu-  I 
ced  to  a  calx  combined  in  part  with  it.  If  we  mix  equal 
parts  of  calx  of  arfenic  and  nitre,  and  diftil  the  mixture 
in  a  glafs  retort,  we  dbtain  a  fpirit  of  nitre  in  very  red 
vapours.    This  acid  cannot  be  condenfed  unlefs  a  little 
water  be  put  into  the  ball,  which  makes  it  appear  of  a 
blue  colour.    Beccher,  Stahl,  and  Kunckel,  have  de- 
fcribed  this  operation.    M.  Macquer,  who  has  repeated 
it  with  care,  having  examined  the  refiduum,  of  which 
the  chemilh  have  not  fpoken,  difcovered  that  it  was 
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formed  by  the  combination  of  the  calx  of  arfenic  with 
the  vegetable  fixed  alkali.  He  gave  it  the  name  of 
arferucal  neutral  fait.  This  fait,  diffolved  in  water,  and 
evaporated  by  the  air,  gives  cryftals  in  three-fided 
prifms,  terminated  by  pyramids  with  three  equal  fides: 
fometimes  the  form  of  thefe  cryftals  varies. 

The  arfenical  neutral  fait,  expofed  to  the  action  of 
the  fire,  eafily  fufes,  remains  in  tranquil  fufion,  with- 
out being  alkalized,  and  without  any  portion  of  the 
calx  of  the  arfenic  being  volatilized.  It  fuffers  no  fen- 
fible  alteration  by  the  air.  It  is  much  more  foluble  in 
water  than  the  pure  calx  of  arfenic,  and  diffolves  in 
much  greater  quantity  in  hot  than  in  cold  water.  It 
cannot  be  decompofed  by  any  pure  acid,  but  it  can  by 
the  double  affinities.  If  with  the  folution  of  this  fait 
we  mix  a  little  of  a  folution  of  martial  vitriol,  a  double 
decompofition  and  combination  takes  place  :  the  vitrio- 
lic acid  quits  the  iron  to  join  with  the  fixed  alkali ;  and 
the  calx  of  arfenic,  feparated  from  the  alkali,  combines 
with  the  iron. 

The  combuftible  matters  decompofe  this  fait  very- 
well  . 

The  calx  of  arfenic  likewife  decompofes  rhomboidal 
nitre  by  means  of  diftillation,  and  forms  with  its  bafe  a 
mineral  neutral  arfenical  fait ;  which,  according  to  M. 
Macquer,  differs  a  little  from  the  neutral  arfenical  fait 
with  bafe  of  vegetable  alkali,  and  which  cryftallizes 
exactly  in  the  fame  way.  This  calx  alfo  acts  on  the  ni- 
trous ammoniacal  fait ;  united  with  its  bafe,  it  forms  an 
ammoniacal  arfenical  fait.  This  operation  requires  fe- 
veral  precautions,  on  account  of  the  property  which  the 
nitrous  ammoniacal  fait  poffefies,  of  detonating  in  clofe 
veffels  without  addition. 

The  calx  of  arfenic  does  not  decompofe  the  marine 
fait:  it  fcparates  with  difficulty,  even  as  arfenic  itfelf 
does,  the  volatile  alkali  of  fal  ammoniac. 

The  acYion  of  the  combuftible  mineral  matters  on 
arfenic  has  not  been  examined.    The  calx  of  this  femi- 
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metal  combines  very  well  with  fulphur.    When  thefe 
two  fubftances  are  fufed,  there  refults  a  yellow  or  red 
volatile  body,  which  has  a  weaker  tafte  than  the  pure 
calx  oi  arfenic,  and  is  more  foluble  in  water.  This 
compound  is  called  factitious  orpin  or  orpiment  when  it 
is  yel1,  w  :  it  is  capable  of  cryftallizing  in  triangles,  like 
the  gbJs  of  arfenic.    When  it  is  red,  we  call  it  facli- 
tious  rcalgal,  realgar,  rizezal,  or  red  arfenic.   Some  che- 
mifts  have  thought  that  realgar  differed  from  orpiment 
only  in  its  containing  more  fulphur:  but  M.  Bucquet 
has  demonftrated,  that  the  compound  of  fulphur  and 
calx  of  arfenic  is  red  when  it  has  been  fufed  ;  fince  to 
cxpofe  orpiment  to  a  brifk  heat  is  fufficient  to  make  it 
pafs  to  the  date  of  realgar.    I  am  convinced  that  real-' 
gar  is  much  lefs  volatile  than  orpiment,  as  there  remain 
at  the  bottom  of  the  matrafs  in  which  we  fublime  the 
mixture  of  calx  of  arfenic  and  fulphur,  red  bubbled-up 
lamina:,  which  have  been  manifeflly  fufed.  Artificial 
orpiment  and  realgar  do  not  differ  from  natural.  They 
are  decompofed  by  lime  and  the  alkalis,  which  have 
more  affinity  with  the  fulphur  than  the  calx  of  arfenic 
has.    However,  this  calx,  like  the  acids,  has  the  pro- 
perty of  decompofing  the  livers  of  fulphur. 

All  the  properties  of  the  calx  of  arfenic  prove  that  j 
this  femi-metallic  and  combuftible  fubftance,  united  to  ; 
pure  air,  has  affumed  the  characters  of  a  faline  fubftance.  i 
The  theory  which  we  have  given  in  treating  of  the  falts 
in  general,  is  then  found  to  be  confirmed'  by  thefe  ex-M 
periments.  M.  Macquer,  in  his  beautiful  difcoveries  i 
on  the  arfenical  neutral  fait,  has  already  obferved,  that  : 
the  calx  of  arfenic  did  the  part  of  an  acid  in  this  fait.  ! 
But  it  was  difficult  to  conceive  why  the  calx  of  arfenic,  ] 
immediately  diffolved  in  the  fixed  alkali,  differed  fo 
much  from  the  fame  combination  made  by  the  decom-  j 
pofition  of  nitre  by  means  of  this  calx.  Mr  Scheele,  j 
conducted  by  the  difcovery  of  the  marine  acid  which  he  j 
calls  depblogificated,  thought  that  fomething  fimilar  hap-  1 
pens  when  we  diftil  nitre  with  calx  of  arfenic.  He  fup-  j 
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pofesthat  the  nitrous  acid  attracts  the  phlogifton  frill 
nhering  in  the  calx;  and  that  then  this  calx  pafles  to 
he  (late  of  a  particular  acid,  which  he  called  arfenical. 
Meflieurs  the  academicians  of  Dijon  have  adopteJ  this 
opinion.  The  Upfal  chemift  confirms  his  aflertion,  by 
Dreparing  the  arfenical  acid,  by  the  procelfes  fimilar  to 
hat,  by  which  he  forms  the  dephlogifticated  marine 
icid.  One  of  tlfefe  proceffes  confifts  in  diftilling  a  mix- 
ure  of  dephlogifticatcd  marine  acid  and  calx  of  arfenic. 
The  marine  acid  attracts  the  phlogifton  of  this  calx, 
ivhich  then  paffes  into  the  ftate  of  an  acid.  He  alfo 
uccecded  in  preparing  arfenical  acid,  by  diftilling  on 
he  calx  of  arfenic  four  parts  of  nitrous  acid.  This  laft: 
rives,  much  nitrous  gas  ;  and  the  calx  of  arfenic  affumes 
:he  characters  of  an  acid :  it  is  very  ftrongly  and  very 
ong  heated,  in  order  to  difengage  all  the  fuperabun- 
lant  nitrous  acid.  What  palled  in  thefe  operations 
peatly  favours  the  doctrine  of  the  gafes.  On  the  one 
ide,  it  is  difficult  to  admit,  according  to  the  theory 
)f  Stahl,  the  exigence  of  phlogifton  in  the  calx  of  arfe- 
nic ;  and  on  the  other,  nothing  is  fo  eafy  to  be  concei- 
ted, according  to  the  new  doctrine,  as  the  paffage  of 
his  calx  to  the  ftate  of  an  acid  by  the  action  of  fpirit  of 
nitre,  or  of  the  dephlogifticatcd  marine  acid  of  M; 
Schcele.  The  calx  of  arfenic  feems  to  have  a  great  af- 
inity  with  pure  air.  When  it  is  diftilled  with  the  ni- 
rous  acid,  or  with  the  marine  acid  dephlogifticated  or 
"saturated  with  the  air  which  it  has  taken  from  a  metal- 
ic  calx,  it  feizes  on  the  pure  air,  which  enters  as  a 
principle  into  both  thefe  acids.  The  more  air  it  con- 
ains,  the  more  it  approaches  to  the  nature  of  faline 
ubftances ;  and  when  it  is  entirely  faturated  with  it,  it 
afluraes  all  the  characters  of  the  acids,  which,  as  'we 
have  fhown,  are  only  combuftible  matters  charg'ed  wirh 
air,  to  which  they  owe  all  their  faline  properties.  From 
his  theory  we  underftand  why  the  calx  of  arfenic,  not 
faturated  with  air,  and  fuch  as  it  is  by  the  fimple  calci- 
nation by  fire,  does  not  form  the  arfenical  neutral  laic 
1  of 
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of  M  Macquer;  and  why  it  cannot  conftitute  this  fait 
imleis  it  has  been  previoufly  heated  by  the  acids  which 
it  decompofes,  and  from  which  it  carries  off  the  air  by 
means  of  the  heat  f».  The  arfenical  acid  greatly  diffeJ 
irom  the  ordinary  calx  of  arfenic.  Its  tafte  is  ftronger. 
It  is  fufed  in  the  fire  ;  and  by  this  procefs  we  may  com- 
pletely  feparatc  this  acid  from  the  portion  of  calx  of 
arfenic  which  it  may  contain.  Undoubtedly  it  is  in 
paffing  to  the  ftate  of  an  acid  that  the  calx  of  arfenic  af- 
fumes  fixity  when  we  unite  it  with  the  vitriolic  acid. 
This  acid  is  fufceptible  of  fufing  into  a  tranfparent  glafs. 
In  its  fufion  it  carries  along  the  earthy  matters  ;  it  even 
feems  capable  of  corroding  glafs.  It  weakly  reddens 
the  blue  colours  of  vegetables.  Expofed  to  the  air,  1 
lofes  its  tranfparency ;  alters  and  fcales  into  fragments, 
frequently  pentagons  ;  and  gradualry  attracts  humidity  j 
It  diffolves  in  two  parts  of  water.  It  combines  eafiJyj 
With  lime,  more  difficultly  with  terra  ponderofa  and1 

magnefia.  j 

{a)  The  acid  of  arfenic  may  be  obtained  by  three  different  proJ 
ceffes.     It  may  be  obtained  by  the  two  proceffes  mentioned  by  M.| 
Fourcroy  ;  and  it  may  alfo  be  feparated  from  the  neutral  arfenical  ] 
fait  of  M.  Macquer  by  decompofition.    The  acid  of  arfenic  is  here 
united  to  the  alkali  of  the  nitre,  but  yields  up  its  bafis  to  the  fupe- 
rior  attraction  of  the  vitriolic  acid;  though  the  decompofition  wa9 
long  unobferved,  as  no  precipitate  fell  to'the  bottom.    The  vitrio- 
lie  acid  and  fixed  alkali  form  vitriolated  tartar,  a  fait  not  foluble  ia  \ 
fjpirit  of  wine,  and  which  therefore  falls  down,  when  a  fuflicient  quan- 
tfty  of  fpirit  of  wine  is  added,  to  abforb  the  water.    Upon  this  addi-  : 
tion,  we  obtain  a  mixture  of  acid  of  arfenic  and  fpirit  of  wine  with  I 
a  faline  precipitate,  confiding  almoft  entirely  of  vitriolated  tartar,  j 
The  fupernatant  liquor  is  decanted,  and  the  fpirit  of  wine  expelled 
by  heat  ;  for  the  acid  of  arfenic,  being  a  fixed  fubftance,  remains,  j 
unaltered  in  the  retort.    Yet  although  it  be  in  this  cafe  unaffefted 
by  the  heat,  it  is  fubjeflt  to  a  very  curious  change,  if  the  heat  be 
Taifed  to  the  degree  of  ignition,  and  continued  to  be  applied  for 
fome  length  of  time.    By  fome  chemical  effect,  the  acid  recovers 
all  the  properties  it  had  loft,  and  is  then  reftored  to  the  ftate  of 
white  arfenic.    The  acid  of  arfenic  may  thus  be  converted  into  a 
regulus  by  fucceflive  alterations;  and  the  r.egulus  may  be  recipro-  j 
cally  deprived  of  its  metallic  luftre,  and  reducetl  to  the  form  of  a 
pure  acid.    So  that  in  this  inftance  we  have  an  example  of  at  Icnlfc 
one  metallic  fubftance  wbofe  calx  is  a  true  and  perfect  acid. 
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magnefia.  When  it  unites  with  the  alkalis,  it  forms 
neutral  falts,  which,  according  to  M.  Bergman,  lime 
decompofes.  Terra  ponderofa  and  magnefia,  accord- 
ing to  the  fame  chemift,  feem  to  have  more  affinity  with 
this  acid  than  the  alkalis  have.  There  are  alfo  many- 
experiments  to  be  made  to  difcover  all  the  properties 
of  the  arfenica^  acid.  The  academicians  of  Dijon  and 
M.  Berthollet  are  the  only  chemifts  in  France  who  have 
Degun  to  examine  it. 

Arfenic  is  employed  in  feveral  arts,  and  particularly 
in  painting.  The  neutral  arfenical  fait  is  alfo  ufed,  fince 
M.  Bucquet  prepares  a  great  quantity  of  it. 
!  The  facility  with  which  the  calx  of  arfenic  dilfolves 
in  water,  and  in  all  the  aqueous  fluids,  renders  it  a  very 
langerous  poifon.  When  a  perfon  has  been  poifoned, 
eve  know  it  by  the  following  fymptoms :  The  mouth  is 
Jry,  the  teeth  fet  on  edge,  the  throat  rough  ;  an  invo- 
luntary fpitting  comes  on,  a  fharp  pain  at  the  ftomach, 
a  great  thirft,  naufea,  vomitings  of  flimy  matters, 
Moody  violent  colics,  accompanied  with  cold  fweats,  and 
jonvulfions.  Thefe  fymptoms  are  very  foon  followed 
.vith  death.  We  eafily  afcertain  that  arfeniq  is  the  caufe 
jf  it,  by  examining  the  fufpecled  aliments.  The  pre- 
sence of  this  poifon  manifefts  itfelf,  when,  by  throwing 
m  the  coals  a  parcel  of  thofe  aliments  dried,  a  white 
ume  arifes,  with  a  ftrong  fmell  of  garlic. 

It  has  been  the  cuflom  to  give  to  perfons  poifoned 
vith  arfenic  mucilaginous  drinks,  or  milk  or  fweet  oils, 
n  great  dofes,  to  relax  the  Simulated  vifcera,  and  to 
liffolve  and  carry  off  the  moft  part  of  the  arfenic.  M. 
Javier  phyfician  at  Chalons,  who  was  employed  in 
earching  for  counter  poifons  to  arfenic,  has  found  a 
ubflance  which  combines  with  this  fubftance  in  the  hu- 
nid  way,  faturates  it,  and  deltroys  the  greatefr.  part  of 
ts  properties.  This  fubftance  is  the  calcareous  cr  alka- 
ine  liver  of  fulphur,  and  hull  better  the  liver  of  fulphur 
vhich  contains  ft  little  iron.  By  pouring  this  martial 
lepar  into  a  folution  of  arfenic,  the  liver  of  fulphur  is 

de- 
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decompofed  without  emitting  any  fmell;  becaufe  t& 
arfenic  combines  with  the  fulphur,  with  which  in- 
forms orpiment,  and  it  unites  at  the  fame  time  with  the- 
iron.  M.  Navier  prefcribes  a  gros  of  liver  of  fulphur 
in  a  pint  of  water,  which  he  defires  to  be  given  in- 
glafsfuls  to  perfons  poifoned.  We  may  alfo  give  them* 
five  or  fix  grams  of  dry  liver  of  fulphur  in  pills,  audi 
above  every  pill  a  glafs  of  warm  water.  When  the  firft* 
iymptoms  are  over,  he  adviles  the  ufe  of  the  fulphu-r 
rcous  mineral  waters.  Experience  has  taught  him, 
that  they  are  very  proper  to  deflroy  the  tremblings  and! 
palfies,  which  Ve  generally  the  effect  of  arfenic,  and! 
which  threaten  phthifis  and  deatk  M.  Navier  alfo  apl 
proves  of  the  ufe  of  milk,  becaufe  it  diflolves  arfenic) 
much  better  than  water  j  but  he  condemns  oils,  which* 
cannot  diffolve  it. 

Species  2.  Cobalt. 

Cobalt,  or  cobolt,  is  a  femi-metal  of  a  white  c<M 
lour,  inclining  a  little  to  red,  of  a  fine  and  very  compact! 
grain,  which  we  may  pound  with  "a  peftle.  Weighed! 
in  the  hydroftatical  balance,  it  lofes  about  one-eighth  off 
its  weight.     It  may  be  cryftallized  into  bundles  off 
needles  laid  on  one  another.    Cobalt  is  found  in  the! 
earth  in  the  ftate  of  a  calx,  or  in  that  of  an  ore.    Co-  \ 
bait,  in  the  ftate  of  a  calx,  is  known  by  its  red  coJ 
lour,  inclining  to  that  of  the  flowers  of  the  peach-tree  or* 
of  lees  of  wine  :  it  is  fometimes  in  needles,  in  bundles,  I 
in  (tars,  in  flrias.    For  the  moft  part,  it  forms  a  fimple 
efflorefcence,  which  is  called  flowers  of  cobalt.  The.' 
ores  of  cobalt  are  of  two  kinds.    The  grey  or  the  aih- 
coloured.    It  is  of  a  whitifh  grey,  cryftallized  in  cubes 
entire  or  truncated,  fo  as  to  form  folids,  with  fourteen, 
eighteen,  or  twenty-fix  facets.   At  the  furface,  it  fome- 
times prefents  dendrites,  like  leaves  of  fern:  in  this 
ftate  it  is  called  uueaved  ore  of  cobalt.    Frequently  the 
ores  of  cobalt  have  no  regular  cryltalliiation  ;  but  they 
are  always  diftinguifhable  by  their  whitifh  grey  co-  3 
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lour,  lightnefs,  and  red  efflorefcence,  which  almofl  all 
of  them  have  at  their  furface.  M.  Rome  de  Lifle  makes 
two  kinds  of  the  ore  of  cobalt,  white  and  grey. 

The  black  ore  of  cobalt, '  vitreous  or  in  form  of 
fcoria?,  is  of  a  deep  black  colour,  like  the  ores  of  arfe- 
nic  :  it  is  heavier  than  the  grey  ore  of  cobalt :  it  is 
found  either  cympaft,  and  as  if  vitreous ;  or  mining, 
and  refembling  a  mirror ;  or  fpongy,  friable,  blacken- 
ing the  ringers  like  foot.  In  thefe  different  Mates  it  has 
got  the  names  of  fpecular  ore  of  cobalt,  of  black  flowers  of 
cobalt,  Sec.  The  molt  part  of  mineralogies  think  that 
the  cobalt  in  them  h  mineralized  by  arfenic.  Monnet 
fuppofes,  that  in  the  grey  ore  of  cobalt  the  arfenic  is  in 
the  ftate  of  a  regulus  or  of  a  metal ;  and  that  it  is  in 
the  Mate  of  a  calx  in  the  black  ore  of  cobalt.  It  is 
found  in  great  abundance  in  Saxony  and  Bohemia : 
fometimes  its  ores  contain  a  little  bifmuth. 

To  clfay  ore  of  cobalt,  we  begin  with  pounding  and 
wa flung,  then  roafting  it  to  feparate  the  arfenic.  The 
cobalt  remains  in  the  ftate  of  a  reddifh-grey  calx :  we 
mix  this  calx  with  three  parts  of  black  flux  and  a  little 
decrepitated  marine  fait :  it  is  fet  to  fufe  :  we  take  care 
that  the  fufion  be  complete,  and  that  the  matter  be  per- 
tettly  liquid,  fo  as  to  leave  it  to  cool  in  the  crucible 
It  is  flightly  agitated,  in  order  to  precipitate  the  metal* 
which  is  collected  in  the  form  of  a  button  at  the  bottom 
of  the  vcffcl.  This  button  is  often  formed  of  two  me- 
tallic matters :  the  cobalt  is  placed  above,  and  the  bif- 
muth below  :  they  are  cafily  feparated  by  the  ftroke  of 
a  hammer. 

In  great  works,  the  cobalt  is  not  extracted  in  the  me- 
tallic form.(  After  having  pounded  and  waihed  the  ore 
ot  cobalt,  it  is  roafted  in  the  furnace. 

1  his  furnace  is  terminated  by  a  long  horizontal 
Zl'J       w?/01  a  chininey:  ^  this  gallery  the 

11 ift  Ih -T  •  f  I,™8'  C°ndenfeS'  and  is  fSfed  into  a 
lit  Z      vS  m  commerGeS  by  the  improper 

I  name  of  white  arfenic    If  the  ore  contain  a  little  bif- 
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muth,  as  this  metal  is  very  fufible,  it  is  collected  at  the- 
bottom  of  the  furnace.   The  cobalt  remains  in  the  fhts 
of  a  dark-grey  calx,  called  zafre.    The  zafre  in  com. 
merce  is  never  pure;  we  mix  it  with  three  times  its 
weight  of  pulverized  flints.   The  zafre  thus  mixed  and 
expofed  to  a  great  fire,  is  fufed  into  glafs  of  a  dark  blue,, 
called  fmalt.  This  fmalt  is  reduced  into  powder  in  mills 
and  wafted  in  water.    Thc.firft  portion  of  glafs  which ' 
is  precipitated  is  the  moft  impure ;  it  is  called  grofs  azur  • 
0we  decant  the  water,  which  is  dill  turbid ;  it  forms  a . 
fecond  precipitate :  thug  we  decant  it  four  times,  and 
then  the  depofition  which  it  gives  is  finer  than  all  the 
reft;  it  is  improperly  called  azur  of  four  waters.  This 
azur  is  employed  in  feveral  arts,  to  give  a  blue  colour! 
to  metals  and  glafTes. 

_  The  zafre  in  commerce,  fufed  with  black  flux  and  ma- 
rine fait,  gives  the  femi-metal  known  by  the  improper] 
name  of  regulus  of  cobalt.  The  redudion  of  fafre  is  very 
difficult.    It  is  necefiary  to  employ  a  great  quantity  of 
flux,  and  to  take  care  to  keep  the  crucible  in  a  whita'J 
heat  for  a  very  long  time,  in  order  that  the  matter  may  I 
be  very  fluid  and  tranquil,  and  that  the  fcorice  may  be 
fufed  into  a  blue  glafs;  then  the  cobalt  is  precipitated, 
and  collected  in  a  button  at  the  bottom  of  the  fcorise. 

Cobalt  expofed  to  the  fire  does  not  fufe  till  it  is  very 
red.    This  femimetal  is  very  difficult  of  fufion,  and 
feems  very  fixed  in  the  fire.    Its  volatilization  in  clofe 
vefTels  is  not  afcertained :  but  we  know,  that  if  we  leave 
it  to  cool  flowly,  it  is  cryftallized  in  needles  like  prifrns, 
laid  on  one  another,  and  united  in  bundles;  and,  as 
M.  Mongez  has  obferved,  they  refemble  much  a  mafs 
of  fhaken  bafaltes.    In  order  to  fucceed  in  this  cry- 
ftallization,  it  is  fufBcient  to  fufe  cobalt  in  a  crucible,  till 
it  fuffer  a  kind  of  ebullition,  and,  after  having  taken 
it  from  the  fire,  to  incline  this  veffel  while  the  fur- 
face  of  this  femimetal  is  congealing.    By  .this  inclina- 
tion the  portion  flill  fufed  is  poured  out,  and  that 
which  adheres  to  the  fides  of  the  kind  of  geod,  formed 
I  by 
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by  the  cooling  of  the  furfaces  of  cobalt,  is  found  co- 
vered with  cryftals. 

Cobalt,  fufed  and  expofed  to  the  air,  is  covered  with 
a  dark  and  dull  pellicle,  which  is  only  a  calx  of  this 
femi- metal  formed  by  the  difcngagement  of  its  phlo- 
gifton,  or  by  the  combination  of  dephlogifticated  air, 
or,  according  to  M.  Macquer,  by  thefe  two  caufes  uni- 
ted. A  greater  Quantity  of  calx  of  cobalt  is  obtained  more 
eafily  by  expofing  this  femimetal,  reduced  into  powder, 
in  an  earthen  veffel,  to  be  roafted  under  the  muffle  in  a 
cupelling  furnace,  taking  care  to  agitate  it,  in  order  to 
prefent  new  furfaces.  This  powder,  kept  red  for  fome 
time,  lofes  its  brilliancy,  increafes  in  weight,  and  be- 
comes black.  This  calx  requires  a  fire  of  the  mod  ex- 
treme violence  to  be  fufed  into  a  very  deep  blue  glafs. 

Cobalt  is  tarnifhed  a  little  by  the  air,  and  is  not  ac- 
ted on  by  water.  This  femi-metal  does  not  combine 
|with  the  earths,  but  its  calx  unites  to  them  by  fufion, 
.and  forms  with  them  a  beautiful  blue  glafs,  of  the  great- 
eft  fixity  in  the  fire.  On  account  of  this  property  of 
'the  calx  of  cobalt,  this  fubftance  is  of  great  ufe  in  the 
painting  of  fmalts,and  porcelain,  and  Dutch  ware. 

We  do  not  know  well  the  a&ion  of  terra  ponderofa, 
magnefia,  and  lime,  on  cobalt.  The  alkalis  manifeftly 
alter  it :  but  as  yet  we  have  not  invefligated  thofe  alte- 
rations. , 

This  femimetal  diffolves  in  all  the  acids,  but  with  dif- 
ferent phenomena,  according  to  its  ftate  and  that  of  the 
acid. 

Cobalt  in  the  metallic  ftate  diffolves  in  oil  of  vitriol 
only  when  it  is  concentrated  and  boiling.  This  folution 
is  made  in  a  glais-vial,  or  in  a  retort:  when  almoft  all 
the  acid  is  evaporated  in  fulphureous  gas,  we  wafh  the 
refiduum;  a  portion  is  diffolved  in  the  water,  and  com- 
municates to  it  a  rofy  or  greenifh  colour ;  this  is  vitriol 
of  cobalt:  the  other  is  cobalt  calcined  by  the  acid,  whofe 
pure  air  is  combined  with  the  femimetal.  M.  Baume 
fays,  that  we  obtain  from  the  folution  of  vitriol  of  co- 
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bait,  by  proper  evaporation,  and  cooling,  two  forts, 
of  cryftals :  fome  white,  fmall,  and  cubic  ;  the  others 
greemfh,  fquare,  fix  lines  long,  and  four  broad.  The! 
fait  he  looks  upon  to  be  vitriol  of  cobalt ;  the  firS 
depend  on  fome  other  foreign  metallic  matters  unU 
ted_  to  the  cobalt.  The  cryftals  of  vitriol  of  cobalt, 
which  we  obtain  moft  frequently  in  the  form  of  fmall  i 
needles,  and  which  M.  Sage  calls  three fided'rbomboidall 
cryftals,  terminated  by  a  two-Jded  top,  with  plain  rhomk 
boids,  are  decompofed  by  the  fire;  there  only  remains  ai 
calx  of  cobalt,  which  cannot  be  reduced  alone.  Terrai 
ponderofa,  magnefia,  lime,  and  the  three  alkalis,  likewife: 
decompofe  this  fait,  and  precipitate  the  cobalt  in  the; 
form  of  a  calx.  The  vitriolic  acid  diluted  with  water- 
ads  on  zafre,  and  diffolves  a  portion  of  it,  with  which  it t 
forms  vitriol  of  cobalt. 

The  nitrous  acid  diffolves  regulus  of  cobalt  with  ef-.- 
fervefcence  by  means  of  a  gentle  heat:  when  the  folu* 
tion'is  at  the  point  of  faturation,  it  is  of  a  rofy  brown,!, 
or  clear  green.  By  a  firong  evaporation  it  gives  a  nitree 
of  cobalt  in  fmall  needles  united.  This  fait  is  very  del 
liquefcent :  it  bubbles  upon  the  coals  without  detonaJ 
ting,  and  leaves  a  violet  calx.  It  is  decompofed  by  the* 
fame  faline  intermediums  as  the  vitriol  of  cobalt.  If  in) 
thefe  decompofitions  we  add  more  alkali  than  fufficesto'i 
precipitate  the  cobalt,  this  fubftance  diffolves  in  the  ex-1 
cefs  of  the  fait,  and  the  precipitate  difappears. 

The  marine  acid  does  not  diffolve  cobalt  in  the  coLdj 
but  with  the  aid  of  heat  it  diffolves  a  portion  of  it.  • 
This  acid  acts  better  on  zafre;  it  forms  a  folution  of  al 
brown- red,  which  becomes  green  as  fcon  as  it  is  heat- 
ed. This  iolution,  evaporated  and  well,  concentrated, 
gives  a  fait  which  cryftallizes  in  fmall  needles,  and  which 
is  very  deliqucfcent:  heat  prefently  gives  it  a  green  co-' 
lour,  and  dc-compofes  it. 

Aqua  regia  diffolves  cobalt  a  little  more  eafily  than 
the  marine  acid  does,  but  Iefs  fo  than  the  nitrous.  This* 
folation  has  been  long  known  as  a  kind  of  fympathetic 
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ink,  which  does  not  appear  till  heated ;  the  writing  which 
was  not  vifible,  feems  of  a  fine  fea-green,  and  difappears 
as  the  paper  cools.  This  property  belongs  to  the  folu- 
tion  of  cobalt  in  the  marine  acid ;  the  nitrous  acid  which 
we  add  to  make  aqua  regia  contributes  nothing  to  it. 
It  had  been  believed,  that  the  green  colour  produced  by 
the  ink  of  cobalt  when  heated,  and  which  it  lofes  when 
cold,  was  owfng  to  the  metallic  fait  which  the  heat 
made  cryftallize,  and  which  being  expofed  to  the  cold 
air,  greatly  attracted  enough  of  humidity  to  diflblve  it, 
and  make  it  difappear  entirely ;  but  it  is  proved  that  the 
marine  fait  of  cobalt,  even  diffolved  in  water,  affumes 
the  fame  colour  as  foon  as  we  expofe  it  to  a  certain  de- 
gree of  heat. 

The  acid  of  borax  does  not  immediately  difTofve  co- 
balt; but  when  we  mix  a  lolution  of  this  fait  with  a  fo- 
lution  of  the  femimetal  in  one  of  the  preceding  acids, 
a  double  decompofition  takes  place.  The  mineral  al- 
kali unites  with  the  acid  which  diffolved  the  metal,  and 
the  fedative  fait  is  combined  with  this  laft,  and  preci- 
pitated :  this  combination  we  may  collect  by  filtrating 
the  fupernatant  liquor. 

Cobalt  has  no  action  on  mod  part  of  the  neutral  falts. 
When  expofed  to  the  fire  with  fome  nitre  it  is  calcined. 
If  we  throw- into  a  red  hot  crucible  a  mixture  of  one 
part  of  cobalt  in  powder,  and  of  two  or  three  parts  of 
very  dry  nitre,  a  brifk  detonation  does  not  take  place, 
but  lmall  fparks,  very  remarkable,  are  excited  ;  after- 
wards we  find  a  portion  of  the  cobalt  changed  into  a 
caix  of  a  more  or  lefs  deep  red,  and  often  greenifh,  . 
This  experiment,  as  well  as  all  thofe  on  the  reciprocal 
action  of  nitre  and  the  metallic  fubftances,  would  re- 
quire to  be  profecuted. 

Cobalt  does  not  decompofe  fal  ammoniac.  M.  Buc- 
quet,  who  made  this  experiment  with  much  care,  did 
not  obtain  an  atom  of  volatile  alkali ;  this  depends  on 
the  fmall  action  of  the  marine  acid  on  this  femi-metal. 

We  do  not  know  the  aclion  of  inflammable  gas  on 
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cobalt.    Sulphur  does  not  unite  with  this  fubftance  but 
with  very  great  difficulty,  but  the  liver  of  fulphur  fa- 
vours  the  combination;  there  refults  a  kind  of  artificial 
ore  in  facets  of  a  larger  or  lefler  fize,  of  a  grain  more 
or  Ids  fine,  of  a  whitifh  or  yellowifh  colour,  accordm? 
to  the  quantny  of  fuiphur  combined.    M.  Baume,  who 
has  gtven  an  excellent  account  of  this  combination  Ex- 
perimental and  Rational  Chemijlry,  Vol.  II.  p.  288  to'297 
oblerves,  that  it  can  be  decompofed  only  by  the  acids, 
and  that  fire  is  not  capable  of  feparating  all  the  fulphur- 
Cobalt  is  not  of  any  ufe. 


LECTURE  XXVIII. 
Species  3.    B  if  ninth. 

T>  Ismuth,  or  tin  glafs,  is  a  femimetal  of  a  yellowifh 
J3  white,  very  heavy,  difpofed  in  great  laminae.  It  is 
a  little  hollowed  by  the  ftrokes  of  a  hammer ;  but  it 
breaks  very  foon  into  fmall  fpangles,  and  ends  in  being 
reduced  into  powder.    In  water  it  lofes  one-tenth  of  its 
weight.    It  is  fufceptible  of  cryftallizing  in  polygonal 
prifms,  which  are  difpofed  in  fquare  Grecian  volutes,  or 
entirely  like  thofe  of  marine  fait.    It  has  no  remarkable 
fmell  npr  tafle.    Bifmuth  is  often  in  a  metallic  form  in 
nature.    It  is  known  by  its  colour  and  foftnefs,  fo  that 
it  can  be  cut  by  a  knife  ;  by  its  form,  and  particularly 
its  great  fufibility.    It  is  generally  cryftallized  in  trian- 
gular laminas,  which  are  laid  above  one  another.    I  am 
in  r/ofleffion  of  fome  fpecimens,  in  which  the  femimetal 
is  in  the  form  of  very  regular  o&aedrals.    Its  matrix  is 
.generally  quartzy.    Bifmuth  is  mineralized  either  by 
arfenic  or  fulphur.  The  arfenical  ore  of  bifmuth  is  like  a 
cat's-eye  (tone,  often  in  fmall  mining  laminae  of  a  clear 
grey.  It  is  almoll  always  mixed  with  native  bifmuth  and 
cobalt,  whofe  reddifh  efllorelcence  makes  it  be  remark- 
ed fometimes  at  the  lurface  of  the  fpecimens.  This  ore 
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differs  from  that  of  cobalt  in  being  heavier  and  of  a  dul- 
ler colour. 

The  fulphureous  ore  of  bifmuth  is  of  a  whitifli  grey, 
fomctimes  inclining  to  blue,  with  facets,  or  in  needled 
prifms.  It  is  very  fimilar  to  the  firfl,  but  contains  nei- 
ther arfenic  nor  cobalt.  This- very  rare  ore  is  found  only 
at  Baitnaes  in  Sweden ;  and  it  was  M.  Cronfledt  who 
made  it  knowfi. 

The  fame  mineralogift:  alfo  fpeaks  of  a  martial  ore 
of  bifmuth,  which  he  fays  is  found  in  thick  cuneiform 
fcales  at  Konigfberg  in  Norway. 

Laftly,  bifmuth  is  fometimes  found  in  the  ftate  of  a 
calx ;  it  is  in  the  form  of  a  granulated  efflorefcence,  of 
a  greenim  yellow,  and  never  red,  at  the  furface  of  the 
mines  of  bifmuth. 

In  order  to  elfay  an  ore  of  bifmuth,  we  content  ourfelves 
with  fufing  it  by  a  gentle  heat  in  a  crucible,  with  the 
ailiilance  of  a  certain  quantity  of  reducing  flux:  as  the 
bifmuth  is  volatile,  we  mould  fufe  it  as  foon  as  poffible; 
it  is  alfo  better  to  make  this  elfay  in  clofe  veffels,  as  Cra- 
mer recommends. 

The  fufion  in  great  of  the  ores  of  bifmuth  is  not  more 
difficult:  we  make  a  ditch  in  the  earth,  and  cover  it  with 
flicks,  which  we  place  near  one  another ;  we  let  fire  to 
the  wood,  and  throw  the  ore  broken  upon  it ;  the  bif- 
muth fufes  and  runs  into  the  ditch,  where  it  is  mould- 
ed into  a  round  piece. 

In  other  works  they  place,  in  an  inclined  pofture,  the 
trunk  of  a  pine,  hollowed  like  a  canal,  in  which  they 
put  a  layer  of  wood  ;  they  throw  the  bifmuth  on  this 
combuftible  matter,  which  is  then  kindled.  This  femi- 
mttal  fufes,  and  runs  along  the  canal,  which  leads  into 
a  hole  in  the  earth,  in  which  is  placed  the  extremity  of 
the  trunk  of  the  pine.  They  colled  the  bifmuth  in  this 
kind  of  box,  and  pour  it  into  iron  moulds  or  ingots. 

Bifmuth  is  but  very  little  altered  by  the  contaft  of  the 
light:  however,  through  time  it  acquires  a  violet  hue. 
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It  is  extremely  fufible  ;  it  fufes  a  long  time  before  it  is 
red.  Heated  in  clofe  veffels,  it  fublimes  entirely.  If  we 
allow  it  to  cool  flowly,  it  cryftallizes  in  Grecian  volutes. 
It  is  one  of  the  metallic  fubftances  which  cryftallizes  the 
mod  eafily.  M  Brongniart  is  one  of  the  firft  chemifts 
who  properly  fucceeded  in  this  cryftallization. 

<  If  we  keep  bifmuth  in  fufion  with  the  contact  of  the 
air,its  furface  is  covered  with  a  pellicle,  which  is  changed 
into  an  earth  of  a  greenifh  grey  or  brown,  called  cin- 
der.or  calx  of  bifmuth.  Nineteen  gros  of  bifmuth  cal- 
,  cincd  in  a  capfule  of  glafs,  gave  to  M.  Baume  20  gros 
35  grains  of  calx. 

Bifmuth  heated  to  rednefs  burns  with  a  fmall  blue 
flame  fcarce  perceptible ;  its  calx  evoporates  under  the 
form  of  a  yellow  fmoke,  which  is  condenfed  at  the  fur- 
face  of  cold  bodies  in  a  powder  of  the  fame  colour, 
called  flowers  of  bifmuth.  This  powder  owes  its  volati- 
lization to  nothing  but  the  rapidity  with  which  the  bif- 
muth burns  ;  for  if  we  expofe  it  alone  to  the  action  of 
the  fire,  it  is  fufed  into  a  greenifh  glafs  without  fubli- 
ming.  GeofFroy  the  fon  obferved,  that  about  the  end 
thefe  flowers  of  bifmuth  become  of  a  fine  orpiment- 
yellow.  The  grey  or  brown  calx1,  the  yellow  flowers, 
and  the  glafs,  are  only  combinations  of  this  femi  metal 
with  pure  air ;  they  are  not  reduced  without  addition, 
bt-caufe  there  is  much  adherence  between  the  two  prin- 
ciples which  compofe  them  :  but  all  the  combuftible 
matters  of  organic  fubflances  are  capable  of  decompo- 
fmg  and  reftoring  to  them  their  metallic  ftate.  M. 
d'Arcet  having  expofed  fome  bifmuth  in  an  unba- 
ked porcelain  ball  to  the  heat  of  the  furnace  which 
bakes  that  fubftance,  the  femimetal  flowed  out  by  a 
crevice  ;  the  portion  remaining  in  this  veffel  form- 
ed a  glafs  of  a  foul  violet,  whilft  the  bifmuth  fufed  on 
the  outfide  of  the  ball  was  yellow.  From  thefe,  and 
other  like  facts,  it  feems  that  the  glafies  made  with  or 
without  the  contact  of  the  air,  differ  from  one  another. 
Bifmuth  is  a  little  tarnifhed  by  the  air,  and  a  whitifh 
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rull  forms  at  its  furface.  It  is  not  attacked  by  water; 
it  does  not  combine  with  the  earths;  but  its  calx  unites 
with  all  the  earthy  matters,  and  facilitates  their  fufion. 

We  do  not  know  the  action  of  Phe  faline-earthy  fub- 
ftances  and  of  the  alkalis  on  this  femi-metal.         >  > 

The  oil  of  vitriol  boiling  ads  on  bifmuth ;  it  is 
decompofed  and  diffipated  in  fulphureous  gas.  The 
mafs  which  remains  in  the  veffel  after  the  evaporation 
of  the  acid  is/vhite:  that  portion  which  is  only  calci- 
ned is  feparated  by  water  from  that  which  isin  the  fa- 
line  ftate ;  the  ley  evaporated  furni flies  a  vitriol  of  bif- 
muth, which  is  very  deliquefcent.  This  fait  may  be  de- 
compofed by  the  fire,  by  the  faline  earthy  fubltances,  by 
the  alkalis,  and  even  by  a  great  quantity  of  water 

The  nitrous  acid  diffolves  bifmuth  with  aftonifhing 
rapidity.  The  mixture  turns  prodigioufly  hot,  and  ex- 
hales in  very  denfe  thick  vapours.  IF  we  make  this  fo- 
iution  in  a  pneumato-chemical  apparatus,  a  very  great 
quantity  of  nitrous  gas  flies  off;  it  is  a  very  ready  and 
commodious  way  of  procuring  this  gas.  During  this 
folution  a  black  powder  is  precipitated,  which  Lemery 
took  for  fome  bitumen,  and  Pott  looked  upon  as  calci- 
ned bifmuth.  M.  Baume  fufpeds  that  it  may  be  fome 
fulphur.  The  nitrous  folution  of  bifmuth  is  without 
colour;  when  it  is  very  copious,  it  depofites  cryflals 
vuthout  evaporation.  By  evaporation  and  cooling,  a 
nitre  of  bifmuth  is  produced,  about  the  form  of  which 
the.  chemills  are  nowife  agreed.  M.  Baume  fays,  that 
this  fait  is  difpofed  in  coarfe  needles,  like  the  points  of 
a  diamond  at  one  end.  M.  Sage  defines  thefe  cryftals 
three  fided  prifms,  a  little  compreftcd,  and  terminated 
by  two  obtule  three-fided  pyramids,  whofe  plains  are  a 
rhomboid  and  two  trapeziums.  By  a  flow  evaporation 
1  have  obtained  flattened  rhomboids  very  like  the  calca- 
reous fpar  of  Iceland. 

Nitre  of  bifmuth  detonates  weakly,  and  in  feddiffi 
fparks;  it  fnfes  and  bubbles  up,  and  leaves  a  calx  of  a 
grcenifh  yellow ;  this  calx  cannot  be  reduced  without 
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addition  This  fait  expofed  to  the  air  lofes  its  tranfpa- 
rency  as  foon  as  the  water  of  its  crylhllization  is  diiii. 
pated.    When  we  attempt  to  diffolvc  it  in  water,  it  be- 

of  bifmuir  3  " d  miIky'       g',VCS  3  PreciPitaCe  of' a  cal* 
The  fame  thing  happens  if  we  add  fome  water  to  the 
iolution  of  bdmuth  in  nitrous  acid;  the  greateft  part  of 
the  calx  of  this  Icmimctal  is  precipitated  in  the  form  of 
a  white  powder,  called  white  -paint  or  man fiery  of  bif- 
muth.   In  order  to  have  this  precipitate  very  white  and' 
fine,  we  rauft  prepare  it  with  a  great  quantity  of  water. 
I  he  ladies  ufe  it  to  whiten  the  (kin,  but  it  has  the  in- 
convenience  of  blackening  when  it  is  in  contact  with 
odorous  and  combuftible  bodies ;  it  is  alio  one  of  the 
metallic  calxes  which  has  this  property  in  a  molt  fen- 
fible  manner.  Though  the  nitre  of  bifmuth  be  in  a  great 
part  decompofed  by  the  water,  there  however  remains 
a  portion  diffolved,  anci.  this.portion  cannot  be  precio;- 
tated  but  by  lime  and.  the  alkalis.  This  character  of  be- 
ing  precipitated  by  water  belongs  to  all  the  folutions  of 
bifmuth. 

Marine  acid  ads  with  difficulty  on  bifmuth  ;  it  re- ' 
guir.es  this  acid  to  be  concentrated,  and  to  be  kept  a 
long  time  in  digeftion  with  it.  This  (olution  fucceeds 
ftill  better  by  drilling  a  great  quantity  of  marine  acid 
upon  bifmuth.  An  hepatic  fmell  is  emitted  from  this 
mixture;  we  warn  the*  refiduum  with  water,  which 
charges  itfelf  with  the  portion  of  the  metal  united  to  the 
acid.  The  marine  fait  of  bifmuth  cryftallizes  with  dif- 
ficulty ;  it  is  fufceptible  of  fubliming  and  forming  a  kind 
of  butter.  It  ftrongly  attracts  humidity  from  the  air ; 
water  decompofes  it,  and  precipitates  a  white  powder 
from  it. 

We  do  not  know  the  action  of  the  other  acids  on  bif- 
muth. Bifmuth  is  calcined  by  nitre,  but  without  any 
fenfible  detonation.  This  femimetal  does  not  at  all  de- 
compofe  fal  ammoniac ;  but  its  calx  completely  feparates 
the  volatile  alkali  from  it.    In  this  experiment  we  ob- 
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tain  a  great  quantity  of  alkaline  gas;  and  the  refiduum 
is  the  combination  of  the  metallic  calx  with  the  marine 
acid.  M.  Bucquet  obferves,  that  bifmuth  does  not  act 
on  fal  ammoniac,  on  account  of  the  fmall  action  which 
the  marine  acid  has  upon  this  femimetal ;  but  the  pro- 
perty which  its  calx  has  of  decompofmg  this  fait  is  very 
remarkable,  and  proves  that  it  approaches  in  nature  to 
the  faline  fubftances.  Inflammable  gas  alters  the  colour 
of  bifmuth,  and  gives  it  a  violet  hue.  Sulphur  com- 
bines with  it  by  fufion.  There  remits  a  kind  of  need- 
led bluifh  ore.  This  femimetal  does  not  unite  to  co- 
balt. 

Bifmuth  is  employed  by  the  pewterers  (a).  It  might 
be  fubftituted  in  the  place  of  lead  in  the  art  of  cupel- 
ling the  perfect  metals;  as,  like  that  metal,  it  has  the 
property  of  fufing  into  a  glafs,  which  the  cupels  abforb. 
M.  Geoffroy  the  younger  found  a  great  relation  be- 
tween this  femimetal  and  lead.  The  effects  of  bifmuth 
on  the  animal  ceconomy  can  only  be  conjectured  :  we 
believe,  with  fufficient  probability,  that  it  would  be  as 

danger- 
fa,)  Bifmuth  is  remarkable  for  the  facility,  and  for  the  tenuity 
of  its  fufion.    It  flows  thinner  and  more  readily  than  any  of  the 
metallic  fubltances ;  and  communicates  thtfe  properties  to  all  the 
other  metals  with  which  it  is  mixed.  On  this  account  is  is  extreme- 
ly ufeful  in  the  compofition  on  folders,  employed  to  unite  fufible  me- 
tals ;  fuch  as  lead  and  tin.  The  low  degree  of  heat  requifite  to  melt 
the  folder  does  no  injury  to  the  piece  of  work,  while  the  tenuity  of 
the  fufion  enables  the  folder  to  infinuate  itfelf  between  the  fmallelt 
crevices  of  the  fides  to  be  joined.    Fof  the  fame  reafon  a  portion  13 
commonly  added  in  all  compofitions  of  type-metal,  in  order  that  the 
type  may  carry  off  the  impreffion  of  the  mould,  in  which  it  is  cad, 
with  perfeA  accuracy.     It  does  this  the  more  completely,  from  the 
increafe  of  bulk  which  it  receives  upon  congelation;  as  bifmuth  ex- 
pands upon  fixing,  which  no  other  metallic  fubltance,  except  iron,  is 
known  to  do.   Bifmuth,  when  long  expofed  to  heat,  is  changed  into 
a  brownifh  glafs.    This  glafs  is  very  fufible  itfelf,  and  contributes 
much  to  promote  the  vitrification  of  earthy  matters  and  imperfeft 
metals.  When  united  with  copper,  it  forms  a  compound,  poffeiled  of 
-  very  high  diffolving  powers,  which  is  readily  abforbed  by  the  cupel ; 
fo  that  many  prefer  it  even  to  the  glafs  of  lead  itfelf  in  the  cupella- 
tion  of  filver  and  gold. 
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dangerous  as  lead.  We  know  alfo  of  feveral  bad  effeas 
from  this  femimetal  applied  externally. 

The  calx  of  bifmuth,  called  white  paint,  is  made  ufe 
of  to  whiten  the  fldn ;  but  it  is  then  requifite  carefully 
to  avoid  all  the  very  odorous  matters,  and  particularly 
thofe  which  are  fetid.  The  vicinity  of  lhambles,  lay 
ftalls,  finks,  privies,  and  alfo  ftrong  fmells,  has  fuch  in- 
fluence on  this  calx,  that  it  is  rendered  more  or  lefs 
black.  The  vapour  of  the  livers  of  fulphur,  even  the 
fmell  of  eggs,  is  frequently  fufficient  to  produce  this 
effect. 

Sipecies  4.  Nickel. 

Nickel  has  been  looked  upon  by  M.  Cronftedt  as 
a  particular  femimetal,  which  he  made  known  in  the 
Tranfa&ions  of  the  Academy  of  Stockholm  in  the  years 
1751  and  1754.    According  to  him,  this  femimetal  is 
of  a  white  brilliant  colour,  inclining  to  red,  in  particu- 
lar externally.  It  is  very  brittle;  and  feems  to  be  com- 
pounded of  facets  in  its  fracture,  which  diftinguifhes  it 
from  cobalt.    M.  Arvidfon,  who,  in  conjunction  with 
M.  Bergman,  publifhed  a  thefis  on  the  properties  of 
nickel,  tranflated  and  inferted  in  the  Phylical  Journal, 
October  1776,  obferved,  that  nickel  obtained  by  the 
roafting  and  fufing  of  its  ores,  as  M.  Cronftedt  had 
fhown,  is  juft  this  femimetal  pure;  and  that  it  contains 
fulphur,  arfenic,  cobalt,  and  iron.  As,  by  a  great  num- 
ber of  ingenious  proceffes,  thefe  two  chemilts  have  dif- 
covered  how  to  extract  the  greateft  part  of  thefe  ftrange 
matters,  and  to  obtain  nickel,  different  in  feveral  of  its 
properties  from  that  of  M.  Cronftedt,  it  is  that  which 
we  mall  relate,  after  having  given  the  hiftory  of  its  orest 

Nickel  is  found  combined  with  fulphur  and  arfenic. 
Its  ores  have  a  red  copper  colour ;  they  are  almoft  al- 
ways covered  with  an  efflorefcence  of  a  greenifh  grey: 
the  Germans  call  it  kupfer  nickel,  or  falfe  copper,  i  his 
mineral  is  very  common  at  Freyberg  in  Saxony.  It  is 
often  mixed  with  the  ore  of  grey  cobalt;  but  its  red 
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colour,  and  its  greenifh  efflorefcence,  diftinguifli  it  from 
this  ore,  which  is  grey  or  black,  and  whofe  efflorefcence 
is  red;  it  is  often  cryftallized  in  cubes.  Wallerius  di- 
ftinguiflies  the  kupfer  nickel  by  the  name  of  ore  of  co- 
balt,  of  a  coppery  red :  he  fuppofes  it  a  compound  of  co- 
balt, iron,  and  arfenic.  The  Chevalier  Von  Linne  look- 
ed upon  it  as  copper  mineralized  by  arfenic.  M.  Rome 
de  Line,  with  Wallerius,  ranked  it  among  the  ores  of 
cobalt;  and  thinks,  like  him,  that  it  is  an  alloy.  M.  Sage 
having  tried  this  ore  with  fal  ammoniac,  extracted  from, 
it  fome  iron,  copper,  and  cobalt.  He  thinks  that  it  is 
formed  of  a  mixture  of  thefe  three  metallic  fubftances 
with  arfenic.  According  to  this  chemirt,  a  little  gold 
alfo  was  found  in  it.  It  is  proper  to  obferve,  that  he  had 
refults  different  from  thofe  of  Mr  Ardvifon.  He  work- 
ed upon  kupfer  nickels  of  Biber  in  Heffe,  and  of  Alle- 
mont  in  Dauphine. 

M.  Cronftedt  affirms,  that  we  may  feparate  from  the 
nickel  the  metallic  matter  called  fpeifs  by  the  Germans, 
which  is  collected  in  the  crucibles  in  which  the  fmalt  is 
fufed.    M.  Monnet  affcrts,  that  the  fpeifs  of  the  manu- 
facture of  Gengenback,  14  leagues  from  Strafbourg, 
is  true  nickel ;  and  as  the  ore  of  cobalt  which  is  em- 
ployed in  this  place  to  make  fmalt  is  very  pure,  he  con- 
cludes from  this,  that  nickel  is  neceifarily  produced  by 
cobalt  itfelf,  as  we  mail  fee  afterwards.  But  M.  Baume 
extracted  nickel  from  almoft  all  the  ores  of  cobalt  by 
means  of  the  liver  of  fulphur.    See  Experimental  and 
Rational  Chemiflry,  Vol.  II.  p.  288.     It  appears  then 
that  the  ore  of  cobalt  which  is  wrought  at  Gengenback, 
contains  nickel,  which  it  is  impoffible  to  difcover  by  the 
eye,  on  account  of  the  intimate  union  of  thefe  metallic 
matters. 

To  extract  the  nickel  from  its  ore,  we  roaft  it  flowly 
iu  order  to  raifc  a  portion  of  the  fulphur  and  arfenic. 
It  is  changed  into  a  greenifh  glafs;  the  greener  it  is  the 
mure  nickel  it  contains,  according  to  M.  Arvidfon.  It 
is  then  fufed  with  three  parts  of  black  flux  and  lbme 
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marine  fait :  a  regulus  is  extra&ed,  fuch  as  M.  Cron- 
ftedt  defcribed  it,  but  which  is  very  Jar  from  being  pure 
nickel ;  its  fcorise  are  brown  or  blue.  Many  chemifts. 
fince  the  work  of  M.  Arvidfon,  ftill  look  upon  this  fub- 
ftance  as  a  natural  mixture  of  iron,  cobalt,  and  arfenid 
With  regard  to  copper,  we  have  not  extracted  any  of  it. 
by  the  mod  delicate  experiments  in  the  art  of  efiaying'. 
M.  Monnet  thinks,  that  nickel  is  only  cobalt  deprived 
of  iron  and  arfenic.  In  proportion  as  we  examine  the 
properties  of  this  femimetal,  we  (hall  take  notice  on 
what  thefe  different  opinions  are  founded.  We  be- 
lieve with  M.  Bergman,  that  that  which  has  here  impo- 
ied  on  the  chemifts,  is  the  extreme  difficulty  we  expe- 
rience in  obtaining  pure  nickel ;  a  truth  well  demon- 
ftrated  in  the  differtation  of  M.  Arvidfon,  already  men- 
tioned. As  it  is  certain,  that,  brought  as  nearly  as  it  i& 
poffible  to  this  ftate  of  purity,  it  poflcffes  very  particu- 
lar properties;  and  we  have-not  as  yet  been  able  either 
to  feparate  it  by  analyfis  into  different  metallic  fub- 
ftances,  or  recompofe  it  by  any  alloy  whatever;  we  mufl 
look  upon  it  as  a  particular  femimetal,  till  future  expe- 
rience convince  us  of  the  contrary. 

The  femimetal  which  the  fimple  fufion  of  kupfer  nic- 
kel roafted  furnifhes,  is  in  facets  of  a  reddifh  white,  and 
very  brittle.  It  contains  much  arfenic,  copper,  and  iron. 
M.  Arvidfon  expofed  it  to  fix  calcinations,  each  of  which 
continued  from  fix  to  fourteen  hours;  he  reduced  the 
regulus  after  each  calcination :  he  obferved,  that  in  cal- 
cining it,  fome  arfenical,  and  alfo  fome  white  vapours, 
which  do  not  fmell  of  this  femi- metal,  were  exhaled.. 
The  powder  of  charcoal  which  is  mixed  in  thefe  opera-' 
tions,  facilitates  the  volatilization  of  the  arfenic.  The 
nickel,  which  was  much  diminilhed  in  weight  by  thefe 
fix  calcinations,  (till  fmelt  of  arfenic,  and  was  magnetic. 
It  was  fufed  fix  times  with  lime  and  borax,  and  calcined 
a  feventh  time,  by  adding  charcoal,  till  it  emitted  no 
more  arfenical  vapours.    This  calx  was  ferruginous  va- 
riegated with  green  fpots ;  reduced,  it  afforded  martial 
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fcorije  and  a  button,  {till  drafted  by  the  magnet.  The 
fticcefs  was  conftantly  the  fame  with  feveral  nickels  of 
different  countries.  Sulphur,  the  liver  of  fulphur,  de- 
tonation with  nitre,  folutions  in  nitrous  acid  and  volatile 
alkali,  employed  by  M.  Arvidfon,  never  could  raife  all 
the  iron  from.the  nickel.  From  thefe  experiments  he 
concluded,  that  it  is  impoffible  completely  to  purify  this 
femimetal  ;  that  the  fulphur  is  feparated  by  repeated 
calcinations  only;  that  the  arfenic  adheres  more  clofely 
to  it;  that  it  may  be  extracted  from  it  by  means  of 
powder  of  charcoal  and  nitre  3  that  cobalt  is  (till  more 
intimately  combined,  fince  nitre  difcovered  it,  tho'  no- 
thing elfe  indicated  its  prefence;  and  that  it  is  impoffible 
to  deprive  it  of  all  the  iron  which  it  contains,  fmce,  af- 
ter the  nickel  has  been  treated  in  all  thefe  ways,  it  is 
fometimes  more  attracted  by  the  magnet  than  before. 
Hence  M.  Arvidfon  believes,  that  it  is  nothing  elfe  than 
iron  in  a  particular  date;  and  he  gives  a  defcription  of 
feveral  of  the  properties  of  this  metal,  compared  with 
thofe  of  cobalt,  of  the  magnet,  and  of  nickel,  from  which 
he  regards  thefe  three  metallic  fubftances  as  different 
modifications  of  iron.  But  the  principal  properties  of 
nickel  which  led  M.  Arvidfon  to  this  conclufion,  is  its 
magnetifm.  It  is  not  impoffible  that  this  property  ferves 
to  confound  two  metallic  matters  different  in  all  their 
other  properties,  fince  in  other  refpects  it  is  poffible  that 
magnetifm  is  not  peculiar  to  iron,  but  that  it  exifts  in 
feveral  metallic  fubftances.  I  think,  then,  that  notwith- 
llanding  the  property  of  nickel's  being  attracted  by  the 
magnet,  it  ought  to  be  confidered,  when  it  has  been  pu- 
rified by  the  proceffes  of  M.  Arvidfon,  as  a  particular 
femimetal,  fince  we  can  neither  extract  all  the  other 
metallic  fubftances  from  it,  nor  perfectly  imitate  it  by 
any  mixture  ;  and  in  the  laft  place,  fmce  it  poffeffes 
properties  which  belong  only  to  itfelf,  which  we  now 
proceed  to  conlider. 

It  does  not  prefent  facets,  as  M.  Cronftedt  had  fhown; 
but  its  fracture  is  granulated:  it  is  nine  times  heavier 
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than  water;  it  is  not  brittle,  as  M.  Cronftedt  announ- 
ced; on  the  contrary,  it  pofleflcs  ducYility  in  a  decree 
remarkable  enough  to  make  M.  Bergman  hefitate  whe 
ther  it  lhould  be  ranked  among  the  metals  or  fcrni-, 
metals:  it  is  almoft  as  difficult  to  f'ufe  as  forged  iron;  itt 
is  very  fixed  ;  it  calcines  when  it  is  heated  with  the  air;; 
and  it  gives  a  calx,  which  is  fo  much  the  greener  as  it 
is  more  pure.    We  do  not  know  if  this  calx  can  be  fu- 
fed  into  a  glafs :  it  is  reduced  by  means  of  fluxes  and 
combuftible  matters,  which  decompofe  it  like  all  the  reft.. 
We  do  not  know  the  action  of  the  air  and  of  water  om 
nickel.  Its  calx  fufed  with  matters  proper  to  make  glafs> 
gives  them  a  hyacinth  colour,  more  or  lefs  red.  The: 
adion  of  lime,  magnefia,  and  the  pure  alkalis,  is  un- 
known. M.  Sage  fays,  that  in  diftilling  four  parts  of  oill 
of  vitriol  on  one  part  of  regulus  of  kupfer  nickel  ini 
powder,  there  paffes  over  fome  fulphureous  acid;  the: 
refiduum  is  greyifh,  and  when  diffolved  in  diftilled  wa- 
ter it  is  of  the  fineft  green  colour.    It  gives  leafy  cry- 
ftals  of  the  colour  of  the  emerald.  According  to  M.  Ar- 
vidfon,  the  vitriolic  acid  forms  with  the  calx  of  nickel  a? 
green  fait  in  ten-fided  cryftals  ;  thefe  are  quadrangular: 
pyramids,  united  and  truncated  at  their  bafe.  This  fame- 
calx  diffolves  very  well  in  the  nitrous  acid.  According; 
to  M.  Sage,  the  nitre  of  kupfer  nickel  cryftallized  in :[ 
rhomboidal  cubes:  all  the  other  folutions  of  nickel,  or 
of  its  calx  in  the  marine  and  vegetable  acids,  are  more 
or  lefs  green.  The  fixed  alkalis  precipitate  it  in  the  form . 
of  a  greenifh  white  powder,  and  rediflblve  it;  the  liquor' 
becomes  then  yellowifh.  The  volatile  alkali,  poured  in- 
to an  acid  folution  of  nickel,  produces  in  it  a  fine  blue 
colour :  this  fait  prefents  the  fame  phenomenon  when 
we  mix  it  with  the  precipitates  of  this  fe  mi  metal  by  the 
fixed  alkalis.    As  the  folutions  of  copper  prefent  the 
fame  colour  with  the  volatile  alkali,  and  as  this  colour 
has  been  even  admitted  to  be  a  teft  very  proper  to  ihow 
the  prefence  of  this  metal  wherever  it  is  found,  it  has 
been  fuppofed,  and  fome  perfons  ftill  fuppofe,  from  this 
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circumftance,  that  nickel  contains  copper.  However, 
M.  Cronrtedt  attempted  in  vain  all  the  known  means  of 
extracting  this  metal  from  the  folutionof  nickel  colour- 
<ed  blue  by  the  volatile  alkali.  Befides,  this  fait  does 
not  immediately  diffolve  nickel  as  it  diffolves  copper. 
Hence,  then,  it  is  demonftrated,  that  this  property  be- 
longs, as  M.  Bergman  thinks,  to  nickel  itfelf;  and  that 
it  does  not  owe  it  to  copper.  M.  Bergman  obferved  no 
certain  figns  of  the  folution  of  nickel  in  the  aerial  acid, 
after  keeping  this  metal  eight  days  in  water  impregna- 
ted with  it. 

Nickel  detonates  with  nitre :  by  this  detonation  3VL 
Arvidfon  learned  the  way  of  finding  out  the  prefence  of 
cobalt  in  this  femimetal,  which  no  other  proof  had  ren- 
dered perceptible.  Accordingly  nickel  is  more  or  lefs 
calcined,  according  to  the  quantity  of  nitre  which  we 
employ.  This  fait  has  alfo  the  property  of  increafing 
the  intenfity  of  the  hyacinth  colour  which  the  calx  of 
nickel  communicates  to  glafs,  and  of  making  it  appear 
again  when  it  has  been  diffipated  by  fufion ;  which  very 
often  happens  in  this  calx,  and  likewife  in  the  calx  of  the 
femimetal  which  we  are  to  examine  after  it. 

The  calx  of  nickel  fufed  with  borax  likewife  commu- 
nicates to  it  a  hyacinth  colour. 

It  in  part  decompofes  fal  ammoniac.  The  flores  mar- 
tiales  which  M  Sage  obtained  in  this  experiment,  de- 
pend on  his  ufing  a  regulus  which  was  not  fo  pure  as 
that  of  M.  Arvidfon ;  for  this  laft  chemift  afferts,  that 
the  flowers  which  were  fublimed  were  white,  and  mow- 
ed no  mark  of  iron  by  the  gall  nut. 

A  little  volatile  alkali  and  marine  acid  palled  over ; 
the  lefuluum  reduced  gave  a  nickel  which  had  loll  a 
little  of  its  macmetifm. 

o 

We  do  not  know  the  action  of  inflammable  gas  on 
nickel.  This  femimetal  combines  well  with  fulphur  by 
fufion;  it  then  forms  a  kind  of  hard  mineral  of  a  yel- 
low colour,  and  in  fmall  brilliant  facets.  When  we  heat 
it  ftrongly,  and  in  contact  with  the  air,  it  jumps,  and 
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emits  very  luminous  (parks,  like  thofe  which  come  from 
forged  iron.  Cronftedt,  who  firft:  made  this  experi- 
ment, did  not  follow  it  farther:  he  only  obferved,  that 
this  phenomenon  did  not  take  place  if  we  take  care  to 
exclude  the  air,  by  covering  this  mineral  in  fufionwith 
a  glafs;  which  mows  that  this  eftcd  is  owing  only  to 
the  rapid  combuftion  of  the  nickel  occafioned  by  the 
fulphur.  The  fame  chemift  informs  us,  that  this  femi- 
metal  diffolves  in  liver  of  fulphur,  and  forms  a  com- 
pound fimilar  to  the  ores  of  yellow  copper*  The  ful- 
phur cannot  be  feparated  from  nickel,  except  by  various 
fufions  and  calcinations. 

Nickel  combines  with  arfenic,  to  which  it  ftrongly 
adheres.    M.  Monet,  who  at  firft  looked  upon  nickel 
as  a  particular  femi-metal,  after  the  example  of  M.  Cron- 
ftedt, having  obferved,  that  when  it  is  united  with  arfe- 
nic, it  forms  a  blue  glafs  like  that  of  cobalt,  thought 
from  this  that  nickel  is  only  cobalt  deprived  of  arfenic 
and  iron.    From  this  opinion  it  follows,  that  M.  Monet 
looked  upon  cobalt  as  well  as  nickel  as  a  true  alloy. 
M.  Bergman  thinks,  that  if  by  adding  arfenic  to  nickel, 
this  laft  can  give  blue  glafs,  it  is,  becaufe  the  cobalt  that 
the  nickel  always  contains,  and  whofe  properties  are  co- 
vered by  the  nickel,  which  is  in  much  greater  quantity, 
is  calcined  and  feparated  from  the  nickel  by  the  arfenic; 
and  then  it  pofiefles  its  own  properties,  and  particularly 
that  of  fufing  into  glafs  more  or  lefs  blue.    The  nickel 
can  be  properly  feparated  from  the  arfenic  by  the  aid 
of  repeated  calcination  only,  with  powdered  charcoal. 
Nickel  unites  ftill  more  intimately  with  cobalt  than  with 
arfenic;  and  it  cannot  be  feparated  from  it  without  the 
greatett  difficulty:  it  may  even  be  combined  with  it 
without  manifefting  its  properties  ;  and  only  nitre,  bo- 
rax, and  arfenic,  can  fhow  its  prefence  by  fufion. 

M.  Cronftedt  fays,  that  nickel  forms  with  bifmuth  a 
brittle  and  fcaly  regulus.  Solution  in  the  nitrous  acid 
may  feparate,  though  imperfe&Iy,  thefe  two  femi-me- 
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tallic  matters,  by  means  of  the  property,  which  we  know 
nitre  of  bifmuth  has,  of  being  decompofed  by  water. 
Nickel  has  not  as  yet  come  into  any  ufe. 

Species  5.  Manganefe. 

Under  the  name  of  black  magnefia,  or  manganefe,  a 
mineral  has  been  long  known,  of  a  grey  dull  colour, 
which  foils  the  fingers,  and  is  employed  in  glafs-houfes 
for  colouring  or  whitening  the  glafs.  On  account  of 
this  laft  property,  the  workmen  call  it  foap  of  glafs.  The 
mod  of  naturalifts  took  it  for  a  fcanty  ore  of  iron,  on 
account  of  its  colour,  and  of  the  martial  earth  with  which 
its  furface  is  often  covered.  Meffrs  Pott  and  Cronftedt, 
from  an  accurate  analyfis,  thought  it  not  a  ferruginous 
fubftance.  The  latter  fays,  that  he  found  a  little  tin  in  it, 
M.  Sage  has  ranked  it  among  the  ores  of  zinc;  and  he 
thinks  that  it  is  formed  by  the  combination  of  this  femi- 
metal  and  cobalt  with  the  marine  acid:  he  adds,  that  from 
his  trials,  fome  iron  or  lead  is  now  and  then  found  in  it. 

The  weight  of  manganefe,  the  property  of  colouring 
glafs,  and  that  of  giving  a  whitilh  precipitate  by  pour- 
ing the  phlogifticated  alkali  on  its  folutions  in  the  acidss 
made  M.  Bergman  fufpecl,  as  he  tells  us  in  the  laft  pa- 
ragraph of  his  DifTertation  on  the  Elective  Affinities, 
that  this  mineral  contained  a  particular  metallic  fub- 
ftance. His  fufpicion  has  been  fully  confirmed  by  one 
of  his  own  ft udents,  M.  Gatin  doctor  of  phyfic  at  Stock- 
holm, to  whom,  jointly  with  M.  Scheele,  we  owe  the 
difcovery  of  the  phofphoric  acid  in  bones.  This  phyfi- 
cian  is  the  firft  who  has  got  a  regulus  from  manganefe, 
probably  by  treating  it  with  a  reductive  flux.  Without 
doubt,  the  degree  of  heat  necelfary  to  this  operation  is 
exceffive:  for  I  have  feen  M.  Brogmart,  a  very  able  and 
experienced  chemift,  in  vain  attempt  to  reduce  this  mi- 
neral in  a  furnace  which  produced  at  the  time  a  very  vio- 
lent heat.  I  was  alfured  that  it  was  done  at  Paris  by 
ufmg  the  flux  of  M.  de  Morveau,  with  which  this  che- 
mift obtains  iron  in  a  button  very  well  fufed. 
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According  to  our  principles,  this  fubflance  ought 
be  looked  upon  as  a  particular  femimetal,  fincc  it  cw 
not  be  analyzed;  and  bcfides,  it  prefents  properties 
which  belong  to  no  other  metallic  fubflance.    M.  de: 
Morveau,  in  his  tranflation  of  Bergman,  calls  it  mama., 
nefe;  and  he  propofes  to  call  the  fubftances  from  whTcfci 
it  is  extra&ed,  and  which  feem  to  contain  the  metal  iaj 
the  ftate  of  a  calx,  ore  of  manganefe.  As  I  have  not  feem 
metallic  manganefe  extracted  from  its  ore,  and  know, 
no  chemift  in  Paris  who  has  obtained  this  femimetalJ 
and  inquired  into  its  properties,  I  borrow  from  the* 
works  of  M.  Bergman,  and  in  particular  his  Differtatiom 
on  the  Elective  Attractions,  all  that  is  contained  there; 
relative  to  this  fingular  metallic  fubflance.    It  will  be: 
mentioned  hereafter,  that  as  yet  we  have  very  little: 
knowledge  of  the  fubject. 

The  ores  of  manganefe  are  known  by  their  deep  grey 
colour,  and  their  form.  A  great  many  varieties  may  be ■: 
diftinguifhed. 

Varieties. 

1.  Ore  of  manganefe  cryftallized,  in  prifms,  three- 
fided,   rhomboidal,  ftriated  according  to  their.;- 
length,  and  apart  from  one  another* 

2.  Cryftallized  ore  of  manganefe,  whofe  prifms  are 
difpofed  in  bundles. 

3.  Ore  of  manganefe,  cryftallized  in  fmall  needles, 
which  are  difpofed  in  ftars. 

4.  Ore  of  manganefe,  flowered,  black,  and  friable. 
It  ftains  the  fingers  like  foot. 

5.  Velvet  ore  of  manganefe.  It  is  in  fmall  flowered 
needles,  whofe  fine  black  unpolifhed  colour  imi- 
tates velvet. 

6.  Ore  of  manganefe,  compact,  without  any  regular 
form :  it  is  of  a  black  grey,  often  cavernous,  very 
heavy.  It  foils  the  fingers  ;  fometimes  brilliant 
needles  are  found  in  it.  The  ftone  of  Perigueux 
belongs  to  this  variety. 

Man- 
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Manganefe  extracted  from  its  ore  is  white  and  bril- 
liant in^its  fracture.  Its  texture  is  granulated  like  that 
of  cobalt.  It  is  hard  and  brittle,  without  any  kind  of 
ductility  ;  and  by  this  character  belongs  to  the  femi- 
metals.  Its  infufibility  is  fo  great,  that  it  is  more  diffi- 
cult to  fufe  than  iron ;  which  made  M.  Bergman  at  firffc 
conjecture  that  it  had  fome  relation  with  platina.  If  we 
heat  it  with  the  contact  of  the  air,  it  is  changed  into  a 
calx,  at  firft  whitilh,  but  becoming  more  and  more  black 
as  it  is  more  calcined. 

The  action  of  manganefe  on  the  earths  and  faline- 
earthy  fubftances  has  not  been  examined.  The  calx  of 
this  femimetal  gives  to  glafs  a  violet  or  brown  colour, 
fufceptible  of  a  great  number  of  modifications,  and  ea- 
fily  deftructible  by  the  action  of  the  combuftible  fub- 
ftances. 

We  do  not  know  how  the  alkalis  act  on  manganefe; 
but  the  calx  of  this  femimetal  combines  with  them, 
and  is  revived  by  the  volatile  alkali.  M.  Bergman  ob- 
serves, that  in  this  combination  a  particular  gas  is  dif- 
engaged,  which  he  looks  upon  as  one  of  the  principles 
of  the  volatile  alkali,  on  which  he  makes  no  obferva- 
tions. 

The  vitriolic  acid  diffolves  manganefe  and  its  calx. 
This  folution  is  coloured,  and  Iofes  its  colour  by  the 
addition  of  combuftible  matter ;  it  gives  a  tranfparent 
vitriol  in  parallelopiped  cryftals. 

The  nitrous  acid  diffolves  it,  emitting  red  vapours* 
Its  calx  is  not  affected  by  this  acid  unlefs  it  be  fmoking, 
or  unlefs  a  combuftible  body  is  added,  as  honey  or  fu- 
gar.  The  alkalis  precipitate  from  thefe  folutions  a  white 
calx,  foluble  in  the  acids,  which  blackens,  and  becomes 
more  calcined  when  it  is  heated.  M.  Bergman  fuppofes 
that  this  calx  is  charged  with  the  phlogifton  of  the  acid; 
and  he  obferves,  that  the  black  calx  of  manganefe  is 
very  foluble  in  the  phlogifticated  acids.  He  mows  alfo, 
that  this  femimetal  is  one  of  the  metallic  fubftances 
which  has  molt  affinity  with  the  falts,  fince  he  places  it 
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almofl  at  the  head  of  the  columns  of  his  table  of  affinity 
which  comprehend  the  ele&ive  attracYions  of  the  acids. 
The  marine  acid  likewife  diflblves  manganefe.  We  have 
feen  in  the  hiftory  of  Aqua  Regia,  that  by  dialling  this 
acid  over  upon  the  calx  of  this  fcmimetal  it  becomes 
white,  and  re  covers  its  metallic  ftate,  either  by  giving  a 
part  of  its  air  to  the  marine  acid,  or  by  taking  from  it  the 
phlogifton,  which  M.  Scheele  admits  in  this  faline  fub- 
ftance.  It  appears  that  the  marine  acid  has  more  affi- 
nity with  manganefe  than  the  vitriolic  acid  has,  fince  a 
folution  of  this  femimetal  by  the  vitriolic  acid,  poured 
into  the  fpirit  of  fait,  forms  a  precipitate  which  M.  Berg- 
man took  for  a  marine  fait  of  manganefe,  on  account  of 
the  property  which  it  has  of  difTolving  in  fpirit  of  wine- 
a  property  which  is  not  mown  by  the  vitriol  of  the  fame 
femimetal. 

We  are  quite  unacquainted  with  the  action  of  man- 
ganefe on  the  neutral  falts.  We  only  know,  that  it 
gives  a  violet  colour  to  borax,  and  that  nitre  revives 
the  fame  colour  of  this  metallic  calx,  in  the  glafs  which 
contains  it. 

To  thefe  properties  M.  Bergman  adds,  that  manga- 
nefe cannot  be  completely  feparated  from  the  iron  which 
it  always  contains :  this  femimetal  is  then  very  like 
nickel.  We  are  not  yet  acquainted  with  it  in  its  (late  of 
purity. 

The  calx  of  manganefe,  called  black  magnefta^  is  ufed 
in  the  glafs-houfes,  either  to  take  the  ftains  of  yellow, 
of  green,  or  of  blue,  from  the  white  glaffes,  or  to  give 
them  a  violet  colour.  It  appears  that  this  mineral  de- 
prives the  glafs  of  its  colour,  by  feizing  on  the  combu- 
llible  matter  to  which  thefe  colours  are  owing  (a). 

LECT. 

(a)  The  relation  of  manganefe  to  inflammable  bodies,  renders 
the  knowledge  of  its  properties  extremely  ufeful  in  explaining  the 
do&rines  of  chemiftry.  Like  other  metals,  manganefe  is  exhibited 
either  under  the  form  of  a  regulu3  or  of  a  calx  ;  and  the  calx  varies  in 
its  appearance,  according  to  the  degree  of  calcination  which  it  has 
undergone.    When  highly  calcined,  manganefe  is  of  a  black  colour. 
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LECTURE  XXIX. 
Species  6.    Regulus  of  Antimony. 

REgulus  of  antimony,  flibium,  which  ought  fimply 
to  be  called  antimony,  is  a  weighty  femimetal  of  a 
white  brilliant  colour,  very  much  refembling  that  of  tin, 

C  c  3  or 

Id  this  ftate  it  does  not  readily  difiolve  in  the  ftrongeft  acids.  Vi- 
triolic acid  icarccly  makes  any  imprefiion ;  but  if  a  bit  of  fugar,  or 
gum,  or  of  any  other  fubftance  fuppofed  to  contain  phlogifton,  be 
added  to  the  mixture,  the  acid  foon  begins  to  aft  upon  the  manga- 
nefe, and  a  portion  of  it  is  continually  diffolving  until  a  faturation 
takes  place.  A  fimilar  power  is  acquired  whenever  the  acid  is  black- 
ened by  any  phlogiftic  matter.  After  the  folution  is  complete,  a 
precipitate  may  be  formed  by  the  addition  of  an  alkali.  If  the  al- 
kali be  mild,  the  precipitate  proves  extremely  white.  It  becomes 
black,  as  formerly,  by  the  aftion  of  a  calcining  heat;  and  never  re- 
covers its  whitenefs  again,  until  it  be  brought  into  contaft  with  fome 
body  into  whofe  compolition  phlogifton  enters.  But  by  whatever 
means  manganefe  is  provided  with  phlogifton,  it  returns  to  the  ftate 
of  a  white  calx,  and  is  again  foluble  in  acids,  which  had  no  power 
before  to  aft  upon  it.  The  folubility  of  the  manganefe  feems  then 
to  depend  entirely  upon  the  quantity  of  phlogifton  which  is  united 
to  the  metallic  earth.  When  calcined  to  the  utmoft  degree,  it  be- 
comes almoft  altogether  infoluble  in  acids,  from  the  lols  of  phlogi- 
fton; buc  inftantly  acquires  folubility  upon  the  addition  of  any  fub- 
flance  capable  to  furnifh  a  frefh  fupply  of  phlogifton  :  fo  that  the 
proportion  of  phlogifton  determines  the  efficacy  of  the  folvent. 

Th  is  feries  of  fads  fully  confirms  the  conjefture,  of  phlogifton  be- 
ing the  chain  of  conneftion  between  the  metallic  fubftances  and  the 
acids.  Other  metals  are  influenced  by  it  in  an  inferior  degree;  tho' 
in  none  is  it  ft)  remarkable,  becaufe  not  one  of  them  attrafts  phlo- 
gifton fo  ftrongly.  The  effeft  of  this  ftrong  attraftion  for  phlogi- 
fton is  beautifully  illuftrated  in  the  change  which  the  black  calx  of 
manganefe  produces  upon  the  marine  acid.  The  marine  acid  has 
been  long  believed  to  contain  phlogifton,  as  a  conftituent  part,  which 
is  vifibly  exemplified  in  the  decompofit  ion  which  it  fetms  to  under- 
go when  diftilled  from  this  black  calx,  and  in  the  alteration  which 
the  manganefe  fuffers  in  the  procefs ;  becaufe  here  we  find  all  that 
portion  of  the  manganefe,  which  has  been  afted  upon  by  the  marine 
acid,  ia  converted  into  the  white  calx  j  a  change  which  we  know  can 
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or  that  of  filver.  It  is  made  up  of  laminae  adhering  to- 
one  another;  and  mows  at  its  furface  a  kind  of  cryftall'iza- 
tion,  like  liars  or  fern-leaves.    It  cryltallizes  too  in  the 

form 

be  produced  only  by  the  acquifnion  of  phlogifton,  while  the  acid 
flies  oft  m  volatile  vapours,  poflefted  of  properties  entirely  new. 
1  heie  vapours  are  moft  intolerably  fuffocating;  and  utterly  incondeJ 
table;  unlefa  when  they  meet  with  a  phlogilticated  fubltance.  By 
the  abftraftion  of  part  of  its  phlogifton,  they  form  with  it  fuch  com- 
pounds, as  the  marine  acid  does  in  its  ordinary  (late.    By  its  fupe- 
rior  attraaion,  in  this  ftate  of  dephlogiftication,  for  the  inflammable 
principle,  this  acid  becomes  capable  to  aft  upon  fubftahces  over  which 
it  enjoyed  no  power  before.   It  decompofes  fulphur,  by  robbing  the 
vitriolic  acid  of  its  phlogifton.    At  the  beginning  of  the  diltillation 
volatile  fulphureous  vapours  arife,  in  confequence  of ,  the  partial  de-  ' 
compofition  of  the  fulphur  from  the  incipient  adion  of  the  dephlo-  .] 
gifticated  marine  acid.    After  this,  pure  vitriolic  acid  is  found  at  j 
the  bottom  of  the  receiver,  owing  to  the  more  complete  decompo- 
fitiOn  of  the  fulphur.    From  the  fame  circumftance,  the  dephlogifti-  j 
cated  vapours  ad  upon  reguline  gold  ;  as  fhall  be  more  fully  ex-  1 
plained  in  the  article  upon  that  metal.   Manganefe  takes  phlogifton 
from  marine  acid;  marine  acid  from  gold.    And  in  every  feries  of 
operations,  manganefe  is  always  the  fubftance  to  which  we  recur,  as 
the  moft  powerful  agent  upon  this  principle.    It  is  even  able  to  dif- 
play  this  power  in  a  ftate  of  combination.    When  manganefe  is  viM 
trtfied  by  means  of  faline  fluxes,  the  colour  of  the  glafs  varies  ac-W 
cording  to  the  quantity  of  phlogifton  which  it  has  an  opportunity  to  j 
attradt.    From  penury  of  phlogifton,  the  glafs  exhibits  a  red  tint; 
after  faturation,  it  becomes  colourlefs;  and  from  the  addition  or  ab-.  j 
ftra&ion  of  phlogifton,  it  may  be  made  to  run  through  continual  j 
variations.     Upon  this  principle  we  are  to  explain  the  ufe  of  man- 
ganefe  in  freeing  glafs  from  colour.    The  iron  which  is  often  found  { 
in  the  materials  of  which  glafs  is  made,  the  aflies,  and  the  flint,  feUj 
dom  fails  to  communicate  a  green  colour  to  the  whole  mafs,  and  taflj 
render  it  impure.    Manganefe,  added  in  juft  proportion,  removes 
this  imperfe&ion  entirely,  by  depriving  the  iron  of  the  phlogifton  \ 
which  (till  adhered  to  it.     From  this  new  acquifuion,  each  particle 
of  manganefe  becomes  fuffjciently  faturated  with  phlogifton  to  form 
a  tvanfparcnt  colourlefs  glafs;  while  the  iron  being,  on  the  contrary, 
robbed  of  all  that  was  left,  is  converted  into  a  black  calx,  which, 
proves  invifible  for  want  of  colour,  and  from  infolubility  is  quite  un- 
able  to  convey  any  falfe  tinge  to  the  mafs.    This  feems  to  be  the 
ratio  of  the  aftion  of  manganefe  in  purifying  glafs:  and  this,  and  all 
the  other  phenomena,  do  every  one  of  them  depend  folely  upon  the 
Very  powerful  auraftion  of  the  manganefe  for  the  inflammable  prin. 

cipl 
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form  of  three-fided  pyramids,  like  mill-hoppers  laid  on 
one  another.  It  lofes  in  water  one-feventh  of  its  weight: 
it  is  eafily  pounded  :  it  has  a  very  fenhble  effeft  upon  the 
ftomach,  pofleffing  ftrong  emetic  and  purgative  quali- 
ties. .  . 

The  regulus  of  antimony  is  rarely  found  native :  it 
has  been  difcovered  by  M.  Antoine  Schwab  at  Sahlberg 
in  Sweden.  M.  Cronftedt  and  feveral  other  mineralo- 
gies acknowledge  it.  .  . 

This  femimetal  is  for  the  mod  part  combined  with 
fulphur;  and  then  forms  what  is  called  improperly  anti- 
mony, but  what  mould  be  called  ore  of  antimony.  This 
mineral  is  of  a  blackifh  grey,  having  laminae  or  needles 
difperfed  or  reunited  under  different  forms.  It  is  fome- 
times  mixed  with  other  metals,  and  particularly  with 
lead  and  iron:  it  is  common  in  Hungary,  France,  Bour- 
bonnois,  Auvergne,  and  Poitou.  Naturalifts  have  mul- 
tiplied the  varieties  of  antimony  according  to  the  direc- 
tion of  its  filaments,  whether  parallel,  ftarred,  irregu- 
lar, or  in  other  forms.  When  antimony  is  mixed  with 
a  portion  of  arfenic,  or  has  been  altered  by  alkaline  or 
hepatic  vapours,  it  appears  in  needles  of  a  deep  red, 
very  like  the  beautiful  flowers  of  cobalt,  but  a  little 
more  opaque.  Hence,  we  may  confider  feveral  varie* 
ties  of  this  mineral. 

Varieties. 

1.  Antimony  cryftallized  into  hexaedral  prifms,  ter- 
minated by  four-fided,  obtufe,  and  detached  py- 
ramids. 

2.  Antimony  ftriated,  or  formed  of  thick  fhapelefs 
needles,  adhering  and  united  into  irregular  bun- 
dles. 

C  c  4  3.  An- 

I  ciple.  They  have  opened  our  eyes  wilh  regard  to  many  obfcure  and 

[  myfterious  points;  fo  that  we  may  regard  the  recent  experiments 

I  upon  this  metallic  fubftance  as  the  moft  inftru£tive,  and  fuch  as  af- 

1  ford  a  clear  and  fatisfadtory  explanation  of  many  of  the  moft  abllrufc 

%  do&rines  in  chemiftry. 
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3.  Antimony  with  (tarred  fcfe  ;  its  needles  feem  to 
diverge  from  a  common  centre. 

4.  Antimony  lamellated;  it  is  made  up  of  lamina 

Tailed0: ; Gx%nded>- imitatin* the  °-  °f  Si 

and  •  &  ?'  fS°metlmes  thi*  ^cies  is  brilliant, 
and  is  then  tranfparent. 

5.  Red  antimony     It  appears  in  the  form  of  a  gra- 
nulated efflorescence  at  the  furface  of  the  needles 
01  antimony;  fometimes  it  is  cryftallizcd. 

»1  he :  ores  of  antimony  are  not  made  ufe  of  for  the 
lake  of  eparating  this  femimetai  from  them :  we  con- 
tent  ourfelves  with  fufing  this  mineral,  with  the  view  of 

epanumg  it  from  its  matrix  and  the  other  metallic  mat- 
ters  with  which  it  may  be  united.    For  this  purpofe  we 
take  two  earthen  pots  ;  into  the  one,  which  has  feveral 
holes  pierced  ,n  its  bottom,  we  put  the  mineral  to  be 
fufed ;  the  other  pot,  placed  below  the  former,  and  de- 
nned to  receive  the  antimony  as  foon  as  it  is  fufed,  is 
fixed  in  the  ground.  A  fire  is  then  applied  round  about 
the  upper  pot:  at  the  beginning  the  fire  is  gentle,  be- 
caufe  the  ant.mony  is  very  fufible;  but  towards  the  end 
Jt  is  augmented,  that  all  which  the  mineral  contains  may 
be  extracted.    A  portion  of  other  metals  then  paffes 
through  and  particularly  of  iron,  which  is  difcovered 
m  this  ore;  thefe  metals  form  a  bed  of  fcorisE  on  the 
furface  of  the  antimony,    Although  the  antimony  of 
Hungary  be  efteemed  the  pureft,  it  is  certain  that  all 
fuied  antimony,  when  formed  well  into  needles  and  free 
or  Icons,  is  equally  pure,  and  adapted  to  all  the  ufes  for,, 
which  we  have  been  accuitomcd  to  employ  this  mine- 
nil.    It  is  only  neceffary  to  obferve,  that  antimony  fre- 
quently differs  in  the  refpecYive  proportion  of  fulphur 
and  regulus  which  it  contains ;  and  it  is  of  the  utmoft 
importance  to  make  trial  of  that  fubftance  which  we  ufe 
for  the  preparation  of  antimonial  medicines,  whole 
itrength,  it  were  to  be  wimed,  was  always  the  fame. 

Antimony  is  very  fufible,  as  we  may  obferve  after 
the  procels  for  feparating  it  from  its  matrix.  If  we  urge 
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it  with  the  fire,  when  it  is  fufed  in  open  vefTels,  it  lofes 
its  fulphur,  which  is  diflipated  in  yellow  flowers ;  the 
metallic  part  is  alfo  eafily  calcined,  and  fublimes  in  white 
flowers :  but  with  a  gentle  heat,  incapable  of  fufing 
the  antimony,  the  fulphur  mixed  with  it,  is  diflipated 
flowly  by  degrees ;  the  metal  lofes,  too,  a  portion  of  its 
phlogiftion,  and  forms  the  grey  calx  of  antimony.  This 
operation  cannot  be  well  performed,  unlefs  the  antimony 
be  very  well  divided,  and  prefent  a  large  furface  to  the 
air.  For  this  purpofe,  we  pound  it,  and  expofe  it  to  a 
gentle  fire  upon  an  earthen  varnifhed  pot.  It  is  necef- 
fary  alfo  to  proceed  flowly  at  the  beginning,  as  the  an- 
timony poflefles  a  great  degree  of  fufibility;  but  as  the 
operation  advances,  and  the  fulphur  is  diflipated,  the 
antimony  becomes  more  refractory,  and  the  fire  may  be 
increafed  fo  as  to  redden  the  vcffel  containing  the  mi- 
neral. We  know  that  all  has  gone  on  well,  when  we 
fmell  nothing  but  fulphur,  which  fublimes  during  the 
roafting,  and  when  the  matter  does  not  concrete;  but 
when  the  antimony  runs  together,  and  the  fulphur  is 
decompofed  and  rendered  volatile,  which  we  perceive  by 
the  fmell  of  the  fuftbeating  volatile  fulphureous  fpirit, 
the  heat  then  is  too  great,  and  mufl  be  diminilhed. 

Although  the  fulphur  feems  to  adhere  but  flightly  to 
the  regulus  in  the  antimony,  it  is,  however,  impoflible 
to  feparate  it  entirely  by  roafting  ;  and  the  grey  calx  of 
antimony  retains  always  a  confiderable  quantity  of  it,  in 
fpite  of  the  calcination  being  carried  to  the  point  of  de- 
priving the  regulus  of  its  metallic  properties. 

The  grey  calx  of  antimony,  urged  by  the  fire,  fufes 
without  addition  into  a  glafs  of  a  brown-red  or  hyacinth 
colour.  This  glafs  is  more  or  lefs  fufible,  more  or  lefs 
tranfparent,  according  to  the  degree  of  the  calcination 
to  which  the  calx  has  been  fubje&ed. 

If  the  calx  contain  little  fulphur  and  much  air,  the 
glafs  produced  is  tranfparent  and  difficult  to  fufe ;  it  is 
the  glafs  of  antimony,  properly  fo  called.  If  the  calx 
contain  much  fulphur,  and  if  it  approach  nearer  to  the 

character 
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character  of  the  metal,  it  produces  a  more  fufible  and 
more  opaque  glafs :  it  is  called  liver  of  antimony,  in  con- 
fequence  of  its  red,  dufky  colour,  which  refembles  the 
colour  of  the  liver  of  animals.  When  the  calx  of  an- 
timony has  been  calcined  to  fuch  a  degree  that  it  is  fu- 
fed with  difficulty,  we  only  need  to  throw  into  the  cru- 
cible, into  which  it  is  fet  to  fufe,  a  bit  of  fulphur,  or 
crude  antimony,  and  it  fufes  inftantly. 

The  grey  calx  of  antimony,  the  liver,  or  the  glafs, 
heated  in  a  crucible  with  their  weight  of  black  flux  and 
a  little  black  foap,  or  oil,  are  reduced,  and  afford  pure 
regulus  of  antimony.  The  black  flux  in  this  operation 
ferves  two  purpofes :  the  alkali  that  it  contains  unites 
-  with  the  fulphur,  which  thefe  fubftances  have  not  been 
able  to  deftroy  by  the  action  of  the  fire ;  and  the  charry 
matter  favours  the  reduction  of  the  metallic  calx.  In 
this  way  the  regulus  of  antimony  is  prepared  in  great 
for  fale.  The  regulus  fufes  into  circular  and  flattened 
loaves  :  thefe  loaves  prefent  at  their  furface  a  cryftalli- 
zation  in  form  of  leaves  of  fern. 

The  regulus  of  antimony  fuffers  little  alteration  by 
light.  It  requires  a  red  heat  for  its  fufion ;  and  if  heated 
ftrongly  in  clofe  vefiels,  it  fublimes  entirely  without  be- 
ing decompounded.  If  we  allow  it  to  cool  flowly  after 
it  is  fufed,  when  we  pour  off"  the  fluid  portion  after  the 
furface  is  fixed,  we  find  the  remainder  cryftallized  in 
the  form  of  pyramids  or  mill- hoppers,  as  we  have  men- 
tioned before. 

The  regulus  of  antimony  fufed  in  open  veffels  cal- 
cines readily ;  it  rifes  in  white  thick  fumes,  which  pre- 
cipitate on  the  furface  of  the  fufed  metal,  or  adhere  to 
the  cover  of  the  crucible  in  the  form  of  fmall  white 
needles.  This  is  a  perfect  metallic  calx,  called  fdver 
Jlowers  of  regulus  of  antimony,  or  fnow  of  antimony.  In 
order  to  prepare  a  certain  quantity  of  it,  we  place  ho- 
rizontally a  crucible  in  a  furnace,  fo  that  its  fides  may 
fit  the  door  of  the  grate,  to  which  it  is  luted  by  means 
of  furnace-earth.  We  put  into  this  crucible  fome  regulus 
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of  antimony ;  the  fire  is  raifed  fo  that  the  metal  fufes 
and  finokes :  we  receive  the  fumes  into  a  fecond  cru- 
cible adapted  to  the  firft;  there  it  condenfes  in  very  fine 
needles,  white  and  brilliant,  which  feem  to  be  prifms  of 
four-fides. 

The  fnow  and  the  flowers  of  antimony  are  not  only 
fufceptible  of  being  volatilized  during  the  deflagration 
of  the  femimetal,  but  they  fublime  alone  when  we  urge 
them  with  the  fire.  This  calx  may  be  alfo  fufed  into  a 
glafs  of  the  colour  of  a  hyacinth;  this  glafs  is  more  pale 
and  more  tranfparent  than  that  made  with  the  grey  cabc 
of  antimony,  but  it  is  alfo  more  difficult  to  fufe. 

The  regulus  of  antimony  undergoes  no  alteration  by 
the  admixture  of  combuftible  fubftances ;  but  the  fnow 
of  antimony  may  be  decompofed  by  them,  and  may  re- 
fume  the  ftate  of  the  regulus.  In  confequence  of  the 
vaft  calcination  which  this  calx  has  undergone,  and  the 
great  quantity  of  air  which  it  contains,  it  pafTes  with 
very  great  difficulty  into  a  metallic  ftate  ;  and  as  it  is 
likewife  very  volatile,  the  reduction  can  only  be  effected 
in  clofe  veflels. 

The  regulus  of  antimony  is  but  very  little  altered  by 
the  air.  We  obferve  only  the  furface  of  it  tarnifhed. 
It  is  infoluble  in  water;  fome  phyficians,  however,  think 
that  it  communicates  a  very  remarkable  emetic  quality 
to  it.  The  flowers  and  fnow  of  antimony  diflblve  in  wa- 
ter, in  fmall  quantity  indeed,  but  fenfibly  enough ;  and 
they  impart  to  it  an  emetic  virtue.  From  this  action  of 
the  calx  of  antimony,  and  its  folubility  in  water,  and 
volatility,  it  appears  to  be  fomewhat  analogous  to  the 
calx  of  arfenic. 

We  are  not  acquainted  with  the  action  of  the  faline 
fubftances  with  earthy  bafes,  or  of  that  of  the  alkalis, 
upon  regulus  of  antimony;  fcarce  even  do  we  know  that 
of  the  acids. 

The  oil  of  vihiol  made  to  boil  flowly  upon  it,  re- 
duces it  in  part  into  a  calx.  A  great  quantity  of  ful- 
phureous  gas  exhales,  and  towards  the  end  a  little  ful- 

phur 
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phur  is  fublimed.  The  mafs  which  remains  after  the 
evaporation  of  the  acid  is  a  compound  of  a  good  quan! 
my  of  metallic  calx,  and  a  fmall  portion  of  theS 

regu  us.  We  may  feparate  the  faline  part  by  means  of 
duelled  water.    This  fait,  well  freed  from  its  water  by 

tnTJfi T9  ™d  cannot  be  made 

to  cryfta  l,ze:  it  is  decompofed  cafily  by  means  of  fire. 

fuTZT'  ?ImC  fub(lances  with  e^rthy  ^fes,  and 
the  alkalis,  alfo  feparate  its  principles. 

The  nitrous  acid  ftrongly  attacks  the  regulus  of  anti- 
mony; it  calcines  the  greateft  part,  and  delves  a  por- 
tion of  ]t.  This  folution  fucceeds  with  cold ;  the  fait  re- 
iulting,  when  feparated  from  the  calcined  portion  by 
waffling  and  evaporation,  is  a  nitre  of  regulus  very 
dehquefcent,  which  is  decompofed  by  the  fire,  and  by 
the  iame  intermediate  fubftances  as  the  vitriol  of  recm. 
lus.  6 

(a)  The  marine  acid  feems  to  aft  with  greater  diffi* 
culty  than  the  other  acids  on  the  regulus  of  antimony. 
It  does  dmolve  it,  however,  by  the  help  of  a  long  dige- 
ition,  and  calcines  it  lefs  than  the  vitriolic  and  nitrous 
acids  do.    The  marine  fait,  which  we  obtain  in  form 

of 

(a)  The  folution  of  antimony  is  beft  known  by  the  name  of  fat- 
ter of  antimony.    It  ,s  a  combination,  which  cannot  well  be  made  " 
directly  by  the  application  of  pure  and  liquid  marine  acid  to  the  an- 
timony,  as  the  acid  diflblves  but  a  fmall  portion,  however  ftrong  it 
may  be     Its  a&ion  is  here  defcribed  as  very  flow  and  weak  ;  and 
is  indeed  much  promoted  by  ufmg  the  acid  in  its  higheft  degree  of  : 
concentration,  almoft  in  a  dry  ftate,  as  it  is  when  united  with  a  ' 
metallic  bans.  The  union  with  mercury  furnifhes  it  in  this  Hate;  and 
by  a  fupenor  ekaive  attraftion,  it  forfakes  the  mercury  to  attach 
itfelf  to  the  antimony.    To  accomplifh  this  decompofition,  the  mer- 
curial fait  and  antimony  are  put  into  a  retort  and  diftilled,  when  the 
antimony  and  marine  acid  come  over  together,  and  often  concrete 
on  the  neck  of  the  retort  in  the  form  of  a  foft  mafs  like  butter, 
which  liquefies  upon  expofurc  to  the  air.  The  addition  of  more  wa- 
ter occafions  a  decompofition,  by  attracting  the  acid.    The  product 
is  the  fame,  whether  reguline  or  crude  antimony  be  ufed,  though 
the  refiduura  differs,  as  will  be  more  fully  explained  under  the  article 
Mercury. 
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:  of  fmall  needles,  by  a  ftrong  heat  employed  in  the  eva- 
i  poration,  is  very  deliquefcent.  It  fufes  with  fire ;  it  is 
i  volatilized  and  decompounded  by  diflilled  water,  like 
the  butter  of  antimony;  which  we  mail  know  in  the  fe- 
quel,  and  from  which  it  differs  but  very  flightly.  M. 
Monnet,  who  has  given  a  good  account  of  this  com- 
bination, obferves,  that  that  which  is  made  with  a  calx 
of  antimony,  as  the  argentine  flowers,  differs  greatly 
from  that  which  is  prepared  from  the  regulus,  in  its  fix- 
ity, and  manner  of  cryftallizing  in  laminae,  like  felenite 
or  fedative  fait-  Befides,  this  fait  may  be  decompofed 
by  the  fire.  We  have  had  occafion  to  obferve,  that  in 
the  folutions  of  the  regulus  in  marine  acid,  there  is  al- 
ways a  faline  part  which  is  not  volatilized  by  the  action 
of  the  fire,  and  refembks  that  of  which  M.  Monnet 
makes  mention.  This  depends  on  its  being  very  ftrong- 
ly  calcined  by  the  acid.  This  obfervation  may  be  equally 
applied  to  almoft:  all  metallic  folutions,  which  occur  in 
feveral  different  ftates,  according  as  they  contain  the 
metal  more  or  lefs  calcined.  M.  Monnet  has  afferted, 
that  1 2  grains  of  calx  of  antimony  are  fufficient  to  fatu- 
rate  a  half  ounce  of  ordinary  fpirit  of  fait,  the  ftrength 
of  which  he  has  not  determined.  M.  Bergman  fays,  that 
the  marine  acid  has  a  greater  affinity  with  antimony  than 
the  other  acids  have. 

Aqua  regia  diffolves  regulus  of  antimony  more  effec- 
tually than  either  of  the  acids  which  compofe  it ;  be- 
caufe  the  force  of  the  nitrous  acid  is  fo  moderated  as  to 
be  hindered  from  entirely  calcining  the  regulus ;  and  on 
the  other  hand,  the  force  of  the  marine  acid  is  augment- 
ed. The  fait  which  is  formed  of  aqua  regia  and  the  re- 
gulus, is  very  deliquefcent,  and  may  be  decompofed  as 
the  other  faline  combinations  of  this  femimetal. 

Antimony,  or  the  natural  combination  of  fulphur  with 
the  regulus,  is  generally^diffolved  in  greater  quantity  in 
ithe  acids  than  the  femimetal.  The  fulphur  feems  Dartly 
to  defend  the  regulus  from  the  a&ion  of  thefe  faline  fub- 
Mances.    Aqua  regia  afts  gently  upon  this  mineral.  It 

is 
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k  a  very  good  means  of  freeing  it  from  the  fulphur] 
which  precipitates  in  form  of  a  white  powder.  M.Baume 
advifcs  to  employ  in  this  operation  an  aqua  regia  compo- 
led  of  four  parts  of  nitrous  acid  and  one  part  of  the  ma- 
rine. When  the  a&ion  of  this  acid  is  over,  we  filtrate 
the  folution :  the  fulphur  remains  on  the  filter ;  we  weigh 
it ;  and  in  this  way  we  learn  the  refpedive  quantity  of 
fulphur  and  regulus  contained  in  the  antimony  which 
we  are  examining.  *  ' 

We  have  not  yet  examined  the  action  of  the  other 
acids  on  the  regulus  of  antimony. 

This  femimetal  decompofes  feveral  neutral  falts.  Ml 
Monet,  in  his  treatife  on  the  Solution  of  the  Metals, 
p.  239.  has  defcribed  an  operation,  by  which  he  demon- 
llrates  that  the  regulus  decompofes  vitriolated  tartar.- 
He  fufed  in  a  crucible  a  mixture  of  an  ounce  of  this 
fait  and  half  announce  of  this  femimetal.    He  got  a 
a  yellow,  vitriform,  very  cauflic  mafs,  which  was  juft 
an  antimonial  liver  of  fulphur :  this  mafs,  warned  in 
warm  water,  gave  in  the  cold  a  reddifh  antimonial  ful- 
phur, or  a  true  kermes.    He  thinks,  that  the  phlogi- 
fton  of  the  regulus  is  united  to  the  vitriolic  acid,  with 
which  it  forms  a  fulphur  ;  and  that  the  alkali  of  the  vi- 
triolated tartar,  combined  with  this  fulphur,  produced' 
a  liver  of  fulphur,  which  diffolved  the  calx  of  antimony.: 
According  to  the  new  doctrine,  we  apprehend  that  the 
femimetal  has  feized  the  pure  air  of  the  acid,  which, 
confequently,  is  converted  into  fulphur.    A  fet  of  ex- 
periments which  I  have  begun  on  this  fubje<St  has  al- 
ready proved,  that  feveral  metallic  fubftances  in  like 
manner  decompofe  the  vitriolic  falts. 

Nitre  is  decompofed  flill  more  rapidly  by  the  regulus' 
of  antimony.  If  we  throw  into  a  red-hot  crucible  equal 
parts  of  this  femimetal  and  nitre  in  powder,  the  fait 
detonates  with  a  vivid  flame,  and  burns  the  regulus  by 
means  of  the  air  which  it  furnifhes :  after  this  procefs, 
we  find  in  the  crucible  the  fixed  alkali,  the  bafis  of  the 
nitre,  and  the  antimony  in  the  flate  of  a  white  calx ; 
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which  calx  is  called  diaphoretic  antimony.  For  the  mod 
part,  we  do  not  employ  the  regulus  of  antimony  to  make 
this  preparation ;  but  antimony  itfelf  ferves  the  purpofe. 
We  only  need  to  add  a  greater  quantity  of  nitre,  as 
three  parts  to  one  of  the  mineral,  in  order  to  burn  not 
only  the  regulus,  but  alfo  all  the  fulphur  united  to  it. 
The  reafon,  why  we  prefer  here  the  ore  to  the  femi- 
metal,  is,  becaufe  the  fulphur  of  the  antimony  renders 
the  detonation  of  the  nitre  more  rapid  and  more  com- 
plete,, and  in  a  fingular  manner  facilitates  the  combu- 
ition  of  the  regulus. 

The  matter  which  remains  in  the  crucible  after  the  de-, 
tonation,  is  compofed  of  the  calx  of  antimony,  united  to 
a  part  of  the  fixed  alkali  of  the  nitre,  and  of  a  portion  of 
the  nitre  which  has  efcaped  the  force  of  the  detonation  : 
it  contains  frequently  a  little  vitriolated  tartar,  formed 
by  the  acid  of  the  fulphur  and  the  fixed  alkali  of  the 
nitre.    This  compofition  is  called  flux  of  Rotrou,  or  un- 
wafhed  diaphoretic  antimony.    We  throw  this  matter  in- 
to pretty  warm  water  :  it  is  warned,  and  the  faline  part 
diffolved,  and  the  metallic  calx  remains  fufpended  in  it. 
.  We  decant  the  troubled  liquor,  and  let  it  depofite  the 
!  white  or  fixed  calx ;  this  is  what  is  called  ivafhed  dia- 
yphoretic  antimony :  we  then  dry  it  with  caution,  after 
I  having  moulded  it  into  little  troches.  The  water  which 
fwims  above  the  fediment  contains  the  faline  matters 
which  were  in  the  mixture,  diffolved,  and  a  portion  of 
calx  united  to  the  alkali  of  the  nitre.    If  we  pour  an 
acid  into  this  liquor,  it  unites  with  the  alkali,  and  the 
calx  of  the  antimony  precipitates.    This  calx  is  called 
cerufs  of  antimony ',  or  pearled  matter  of  Kerkringius.  The 
liquor  which  remains  after  the  precipitation  of  the  pear- 
led matter,  contains  a  little  nitre  which  has  efcaped  the 
detonation,  a  little  vitriolated  tartar  produced  during 
the  detonation,  and  the  new  neutral  fait,  formed  by 
the  union  of  the  acid  with  the  alkali  which  held  the  nie- 
1  tallic  calx  diffolved.    Although  this  laft  fait  varies  ac- 
cording to  the  acid  which  we  employ,  it  is  called  by 
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the  very  improper  name  of  antlmomal  nitre  of  Stab! ; 
for  the  molt  part  this  fait  is  not  nitre,  and  never  con'- 
tains  antimony. 

The  diaphoretic  antimony  and  the  cerufs  of  antimony 
may  be  fuled  into  a  glafs,  like  all  the  calces  of  this 
femimetal;  but  as  they  are  very  much  calcined,  it 
requires  fome  pains  to  bring  them  into  fufion.  For  the 
fame  reafon,  they  are  difficult  of  reduaion  into  a  regu- 
lus:  they  appear  more  irreducible  even  than  the  fnow 
of  antimony,  although  they  have  remarkable  medicinal 
properties :  they  are  alfo  lefs  foluble  in  the  acids  and  in 
water.  The  regulus  of  antimony  feems  alfo  capable  to 
decompofe  the  marine  fait ;  fince,  if  we  heat  a  mixture 
of  thefe  fubftances  in  a  retort,  fome  butter  of  antimony, 
according  to  the  remarks  of  M.  Monnet,  pafs  over  into 
the  receiver.  This  chemift  has  not  given  an  account 
of  the  refiduum  in  this  operation. 

This  femimetal  does  not  readily  decompofe  fal  am- 
moniac, according  to  M.  Bucquet ;  and  we  do  not  ob- 
tain butter  of  antimony  in  this  decompofition,  as  Juncker 
bad  advanced. 

All  combuftible  matters  exert  a  more  or  lefs  remark- 
able effecl:  on  this  femimetal.  Inflammable  gas  alters 
its  furface  and  colour.  It  acts  in  a  more  forcible  man- 
ner upon  its  folutions.  I  have  made  this  gas,  produced 
from  iron  in  the  vitriolic  acid,  pafs  into  a  folution  of 
antimony  in  aqua  regia ;  this  is  troubled  inftantly,  and 
depofit.°s  a  fubftance  of  a  yellow  orange  colour,  refem- 
bling  fulphur  auratum,  but  never  like  kermes.  The 
flowers  of  antimony,  and  diaphoretic  antimony,  expo- 
fed  alfo  to  inflammable  gas,  whether  they  be  dry  or 
immerfed  in  water,  are  not  altered. 

Sulphur  combines  very  well  with  the  regulus,  and 
forms  an  artificial  ore,  which  perfectly  imitates  native  an- 
timony. To  make  this  combination,  we  fufe  quickly  in 
a  crucible  equal  parts  of  fulphur  and  regulus  j  and  we 
obtain  a  needled  mineral  of  a  dark  grey,  which  never  has 
half  of  its  weight  made  up  of  -the  fulphur,  unlefs  we 

have 
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have  employed  a  part  and  a  half  to  one  of  the  femi- 
metal.  I  have  even  obferved,  that  an  ounce  of  regu- 
1ns,  fufed  in  a  retort  with  an  ounce  of  fulphur,  gave 
ten  gros  of  antimony,  which  confequently  only  con- 
tained two  gros  of  fulphur ;  and  that  the  reft  of  this 
combuftible  matter  had  come  over  into  the  receiver  by 
its  puffing  up  during  the  fufion.  It  is  then  impofliblc 
for  one  part  of  falphur  to  give  to  four  of  regulus  the 
characters  of  antimony  :  and  we  fee  after  that,  how  im- 
portant it  is  to  make  trial  of  that  which  we  ufe  in  phar- 
macy, in  order  to  appretiare  the  effecl:  of  the  different 
fubftances  which  we  combine  with  this  mineral.  The 
liver  of  fulphur  diffolves  completely  the  regulus  of  anti- 
mony, and  forms  a  yellow  matter,  from  which  we  can 
precipitate  the  antimonial  fulphur  by  means  of  an  acid, 
Which  gives  it  inltantly  an  orange-colour.  The  hepa- 
tic gas  acts  upon  the  folutions  of  this  femi-metal  entirely 
in  the  fame  manner,  as  the  inflammable  gas  obtained  by 
he  vitriolic  acid. 

,  The  regulus  of  antimony  unites  with  arfenic  and  to 
bifmuth ;  but  we  have  not  examined  thefe  combinations. 
!  Thefe  are  the  principal  properties  of  this  femimetal. 
We  come  next  to  confider  the  properties  of  the  ore,  to 
which  the  name  of  anlimony  has  been  improperly  given. 
As  it  is  this  mineral  which  is  moft  commonly  ufed  to 
make  a  great  number  of  very  important  pharmaceutical 
preparations,  we  apprehend  that  its  properties  ought  to 
be  much  better  known  than  thofe  of  the  femimetal 
which  it  contains.  The  alchemifls,  who  have  beftowed 
i  good  deal  of  pains  about  ir,  have  extended  our  know- 
edge  of  antimony  ;  and  no  fubflance  has  been  the  fub- 
e£t  of  a  greater  number  of  experiments.  We  have  al- 
ready feen,  that  by  means  of  heat  we  can  feparate  a 
portion  of  fulphur  from  it ;  that  the  remit  of  this  ope- 
ration is  a  grey  calx,  which  may  be  fufed  into  a  glafs 
>r  into  a  hver  of  antimony,  according  to  its  colour  and 
:ranlparency ;  and  that  the  nitre,  in  burning  the  ful-* 
>nur,  calcines  alfo  the  metallic  matter.    But  roaftmg 
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and  combuftion  by  means  of  nitre  are  not  the  only  ways 

of  carrying  off  the  fulphur  from  the  antimony  ;  we  can 
do  it  likcwife  by  presenting  to  this  mineral  a  body  which 
has  a  greater  affinity  with  the  regulus  than  the  fulphur 
has,  or  which  has  a  greater  relation  with  the  fulphur 
than  the  regulus  has. 

We  have  an  example  of  the  firft  decompofition  in* 
the  addition  of  acids  to  crude  antimony:  thefe  falts,: 
and  chiefly  aqua  regia,  diffolve  the  femimetal,  and  fe-C 
parate  the  fulphur  from  it  which  feems  at  the  top  of  the ! 
folution  :  the  regulus  in  the  antimony  appears  to  pofiefs  ■ 
more  complete  folubility,  than  when  it  is  pure,  as  we: 
have  already  more  fully  remarked. 

Nitre  is  fuccefsfully  employed  in  the  preparation  of  fe-v| 
veral  very  important  antimonial  medicines.  We  have  al-  I 
ready  feen,  that  when  we  detonate  one  part  of  antimony 
with  three  of  nitre,  the  fulphur  and  the  regulus  are  con«f| 
fumed,  and  there  remains  only  a  white  metallic  calx  muMf 
ed  with  the  alkali.    If  we  detonate  equal  parts  of  anti-'-| 
mony  and  nitre,  this  detonation  is  lefs  vivid,  becaufe? 
there  is  lefs  nitre:  for  this  reafon,  we  are  obliged  to :  t 
throw  this  mixture  into  a  red  hot  crucible  by  fpoonful's, . 
whilfl  that  of  the  diaphoretic  antimony  has  need  of  ber~ 
ing  kindled  only  once  ;  and  accordingly  it  detonates  all,  I 
till  it  be  entirely  reduced  into  a  white  mafs.    When  the 
detonation  of  the  antimony  and  the  nitre  in  equal  parts  =1 
is  over,  we  urge  the  whole  with  a  melting  heat :  and  in 
place  of  diaphoretic  antimony,  we  find  in  the  crucible  | 
a  brown,  opaque,  brilliant,  very  brittle  mafs ;  in  fhorr,„  j 
%  true  liver  of  fulphur  covered  with  fcoriae. 

We  apprehend,  that  in  this  procefs  there  has  not  been 
a  fufficient  quantity  of  nitre  to  confume  ail  the  fulphur, 
The  portion  of  this  laft,  which  has  not  been  deflroyed,  * 
has  in  its  fufion  carried  along  the  calx  of  the  antimony. 
.When  we  do  not  urge  the  mixture  with  a  fufing  heaf, 
we  obtain  only  a  vitreous  fcoria,  which  has  been  called 
the  falfe  liver  of  antimony  of  Ruliand-  This  matterAl 
pounded  and  warned  in  water,  forms  the  crocus  meral-  f 
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Jorum,  which  is  nothing  elfe  but  the  liver  of  antimony, 
pulverized,  and  feparated  from  the  faiine  matters,  ari- 
fing  from  the  detonation  of  the  nitre. 

Befides  this,^  we  make  two  other  antimonial  prepara- 
tions  analagous  to  the  preceding,  and  which  are  at  bot- 
tom true  livers  of  antimony.  The  one  is  the  ruby  of 
antimony,  or  magnefia  opaliria,  which  is  made  by  fufing 
equal  parts  of  decrepitated  fea-falt,  nitre,  and  antimony. 
This  fufion,  which  takes  place  without  detonation,  pro- 
duces a  vitreous  mafs,  which  is  of  a  light  brown,  very 
brilliant,  and  covered  with  white  fcorije.  The  other,, 
called  very  improperly  medicinal  regulus^  is  prepared  by 
fufing  a  mixture  of  five  ounces  of  antimony,  twelve 
ounces  of  decrepitated  fea-falt,  and  three  ounces  of  tar- 
tar. We  obtain  a  black  glafs,  bright,  very  opaque,  and 
very  denfe,  which  has  no  metallic  luftre.  Thefe  two 
kinds  of  compounds,  which  differ  in  fome  properties 
from  the  true  liver  of  antimony,  doubtlefs  owe  their 
differences  to  the  marine  fait  which  enters  into  their 
preparation,  but  vvhofe  effects  upon  this  mineral  we 
have  not  as  yet  been  able  to  appreciate.  If  we  want  to 
prepare  the  regulus  of  antimony  in  fmall  in  laboratories, 
we  ought  only  to  employ  as  much  nitre  as  is  requifite 
to  coniume  the  fulphur,  and  to  add  to  the  mixture  fome 
matter  which  may  favour  the  reduction  of  that  part  of 
the  regulus  which  is  in  the  ftate  of  a  calx,  For  this 
purpoie  we  take  eight  ounces  of  antimony  in  powder, 
fix  ounces  of  tartar,  and  three  ounces  of  nitre :  thefe 
materials  are  accurately  mixed,  and  thrown  by  fpoon- 
fuls  into  a  red-hot  crucible:  the  nitre  detonates  with  the 
tartar  and  antimony,  a  black  flux  is  formed,  and  the  re- 
gulus of  antimony  fufes.  When  the  matter  is  well  fu, 
fed,  we  pour  it  upon  a  cone  of  iron,  heated  and  grea- 
fed;  we  ftrike  the  plate  a  little  whilft  we  pour  out  the 
mixture  :  it  is  left  to  cool,  and  the  regulus  of  antimony 
is  found  at  the  bottom  of  the  veffel  in  a  pyramidal  form. 
1ms  fenumetal  is  covered  with  black  and  reddifh  fco- 
risc,  which  readily  attract  humidity  from  the  air.  The 
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regulus  is  pure,  when  its  upper  furface  is  convex,  and 
when  it  exhibits  a  regular  ftar.    This  ftar,  which  had 
exalted  the  imagination  of  the  alcbemifts,  depends  on 
the  manner  in  which  the  regulus  cryftallizes  in  cool- 
ing.   The  cooling  begins  at  the  edges ;  and  the  fluid 
matter  being  thrown  back  from  the  centre  to  the  cir- 
cumference, produces  this  cryftallization,  which  is  only 
obferved  in  the  fmall  maffes  of  regulus  of  antimony; 
for  in  the  great  loaves  of  this  femimetal,  as  the  undu- 
lations of  the  fluid  matter  go  out  from  different  centres, 
we  find,  in  place  of  a  ftar,  impreflions  refembling  tern- 
leaves.    M.  Reaumur  has  mown,  that  a  fudden  cool- 
ing hinders  this  cryftallization  in  form  of  a  ftar,  and 
that  by  cooling  one  of  the  fides  of  the  cone  haftily,  we 
obtain  only  half  of  a  ftar  (a).    The  quantity  of  regu- 
lus which  we  extract  by  this  procefs  does  not  make  up 
half  the  quantity  of ,  the  antimony  employed,  although 
this  mineral  frequently  contains  equal  parts  of  regulus 
and  of  fulphur,  becaufe  a  portion  of  the  femimetal  is  { 
combined  with  the  faline  matters  which  form  the  fcoriaj.^j 
The  fedrice  which  lie  above  the  regulus  of  antimony  arc3 
of  a  compound  nature.  They  confift  of  the  fixed  alkali  \ 
of  the  nitre  and  tartar  united  with  the  fulphur  of  the  an- 
timony, and  in  the  ftate  of  liver  of  fulphur.    This  liver.] 
of  fulphur  holds  a  great  quantity  of  regulus  in  folution, 
and  is  mixed  with  a  little  vitriolated  tartar,  formed  by 
the  vitriolic  acid,  which  is  produced  during  the  deto-;  ] 
nation,  and  united  to  a  portion  of  the  fixed  vegetable 
alkali.    Laftly,  thefe  matters  contain  a  charry  matter,  i 
furnifhed  by  the  tartar.    If  we  boil  them  in  a  great 
quantity  of  water,  and  filtrate  the  boiling  liquor,  the 
charry  portion  is  left  on  the  filtre.   This  folution,  which 

is 

(«)  There  is  without  doubt  a  relation  between  the  manner  to 
which  the  metallic  buttons  cry llallize  at  their  furface,  and  the  form 
which  they  affume,  when  art  endeavours  to  give  them  the  form  of 
detached  cryftals,  by  a  well-conducted  cooling  and  the  feparatioii  of 
the  fluid  portion,  from  that  which  is  fixed.  M.  I'Abbe  Mongez  will 
determine  this  relation,  in  a  work  which  he  is  to  publifli  immediate- 
ly, upon  the  cryftallization  of  the  metals. 


CHEMISTRY.  4*| 

is  clear  as  long  as  it  is  hot,  grows  turbid  when  it  cools, 
and  depofites  a  reddifli  matter,  which  has  hitherto  been 
looked  upon  as  a  liver  of  antimonial  fulphur.  This 
precipitate  is  called  kermes  mineral  by  the  dry  way. 
When  the  liquor  precipitates  no  more,  it  may  be  eva- 
porated, and  we  obtain  a  matter  lefs  coloured  than  the 
kermes,  and  is  a  true  antimonial  liver  of  fulphur.  It 
alfo  furnimes  fome  vitriolated  tartar.  If,  in  place  of 
evaporating  this  liquor,  we  pour  upon  it  any  acid,  a 
yellow  orange  precipitate  is  produced,  to  which  we  give 
>the  name  of  golden  fulphur  of  antimony :  it  feems  but 
little  different  from  the  kermes. 

If  we  boil  a  few  minutes  fome  antimony  broken  into 
fmall  pieces  in  fome  water  charged  with  mild  fixed  al- 
kali, the  alkali  attacks  the  fulphur  of  the  antimony, 
and  forms  with  it  a  liver  of  fulphur  which  diffolves  the 
regulus.  We  filtrate  the  liquor  boiling  :  it  is  allowed  to 
precipitate  by  cold,  the  kermes  (a)  which  it  contains. 
This  liquor  being  filtrated,  we  may  precipitate  fome 
golden  fulphur  by  means  of  the  acids.  If  we  boil  new 
alkaline  ley  upon  the  refiduum  of  the  antimony,  we  may 
extraft  (till  fome  kermes :  but  this  kermes  is  more  pale 

D  d  3  than 

[a)  The  praifes  which  M.  Fourcroy  beflow3  upon  the  kermes 
mineral,  would  tempt  the  reader  to  believe,  that  it  is  by  far  the  molt 
ufeful  preparation  of  antimony  ;  yet,  with  all  thefe  encomiums,  the 
pradtitioners  in  Britain,  and  in  many  nations  on  the  continent,  have 
almoft  univerfally  preferred  the  ufe  of  tartar  emetic.    Kermes  mine- 
ral is  not  always  uniform  in  its  (trength,  and  therefore  liable  to  vary 
in  the  efFe&s  produced  upon  the  patient.    Were  it  even  more  con- 
jftant  in  this  refpeft,  as  it  confifts  of  a  metallic  fubftance  partially 
{calcined,  but  uncombincd  with  any  falinc  matten  the  efficacy  of  a 
fdofe  mud  vary  according  to  the  ftatc  of  the  ttomach.    When  any 
|deraDged  digeltion  generates  acidity,  the  operation  becomes  too 
<  powerful,  whether  it  ads  as  an  emetic  or  as  a  purgative  ;  in  other 
(cafes  it  is  almoit  inert,  giving  fcarcely  any  fenfible  proof  of  its  pre- 
sence ;  fo  that  the  preparation  often  difappoints  the  praaitioner  from 
its  mefficacy,  or  alarms  his  fears  from  the  violence  of  its  effeas,, 
1  Tartar  emetic  is  a  neutralized  foluble  metallic  fait,  not  liable  to  fo 
'many  irregularities  ;  fo  that  it  can  be  administered  in  all  cafes  with 
'more  fafety  and  greater  certainty.    For  a  further  account  of  it,  fee 
Crea?/i  of Tartar. 
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than  the  fir  ft ;  and  the  oftener  we  repeat  the  procefs, 
the  lefs  kermes  is  produced  :  it  would  appear  that  the 
alkali  difTolves  more  of  the  fulphur  than  of  the  regulus, 
and  the  antimony  ought  to  undergo  one  or  two  boilings 
only  m  the  alkali :  this-  procefs  is  generally  called  the 
-preparation  of  kermes  by  the  humid  way. 

This  name  has  been  given  it  by  Frere  Simon  a  Car- 
thufian  friar  ;  without  doubt  on  account  of  its  colour, 
which  refembles  that  of  the  animal-fhell  called  kermes, 
employed  in  dyeing  («). 

Kermes  mineral  has  alfo  been  called  the  powder  of  the 
Carthufians,  becaufe  it  was  afterwards  prepared  in  phar- 
macy by  this  religious  order.  The  difcovery  of  this 
medicine  would  feem  to  have  been  made  by  Glauber, 
who  prepared'  it  with  antimony  and  the  liquor  of  nitre 
fixed  by  charcoal.  But  he  has  defcribed  his  procefs  irr 
an  unintelligible  way,  and  under  alchemical  emblems. 
Lemery  may  then  be  efteemed  the  true  inventor  of  it. 
However,  this  remedy  was  prefented  as  entirely  new 
feveral  years  after  the  publication  of  the  work  of  this 
chemift ;  and  it  entirely  owed  its  reputation  to  the  lin- 
gular cures  which  it  performed  in  the  hands  of  Frere 
Simon.  This  perfon  learned  the  compofition  from 
a  furgeon  called  La  Ligerie,  who  was  not  himfelf  the 
author  of  it.  This  latter  perfon  faid  he  had  received  it 
from  M.  Chaftenay  king's  lieutenant  at  Landau,  to 
whom  it  had  been  communicated  by  an  apothecary, 
fnppofed  to  be  an  apprentice  of  Glauber.  M.  Dodart, 
at  that  time  firft  phyfician  to  the  king,  applied  to  la  Li- 
gerie to  publifh  the  receipt  of  the  kermes  ;  and  it  was- 
publifhed  by  this  furgeon  in  the  1720.  Lemery  the 
Ion  afferted  the  difcovery  as  his  father's ;  and  with  for. 

much 

(a)  The  kermes,  or  fcarlct  grain,  which  is  ufed  in  dyeing,  is  110^ 
thing  elfe  than  the  ikin  of  a  female  'infect  which  attaches  itfelf  to 
the  holm  oak,  and  rifes  gradually  in  the  form  of  an  arch.  It  has 
lofl  the  form  of  the  rings  which  dilHnguifli  thofe  animals.  Under 
this  arch,  the  eggs,  which  are  hatched,  art  contained;  and  they 
pierce  through  it  to  attach  thcmlelves  to  the  plant  in  the  fame  way 
ar>  the  other. 
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niuch  the  greater  juftice,  as,  in  making  this  prepara- 
tion, mofl  part  of  apothecaries  ftilt  follow  the  procefs 
which  was  defcribed  by  this  chernilt. 

The  procefs  defcribed  by  La  Ligerie  confifls  in  boil- 
ing during  two  hours  a  pint  of  rain-water,  with  four 
ounces  of  liquor  of  nitre  fixed  by  charcoal,  and  a  pound 
or  antimony  broken  into  fmaH  bits ;  in  filtrating  the 
boiling  liquor ;  in  boiling  the'fame  antimony  with  three 
ounces  of  new  liquor  of  nitre  fixed  by  charcoal  in  a 
pint  of  rain-water  ;  and  laftly,  in  making  the  fecond  re- 
fid  uutn  undergo  a  third  boiling  in  preceding  leys,  with 
the  addition  of  two  ounces  of  the  liquor  of  nitre  fixed, 
and  a  pint  of  rain-water.  We  filtrate,  and  allow  it  to 
depofite  the  kermes :  we  wafh  it  till  the  water  which  is 
added  comes  off  infipid;  we  dry  it;  we  fet  fire  to  fome 
aqua  vitae  put  on  the  top  of  it,  and  then  pulverize  it. 
The  procefs  is  long;  it  furnifhes  but  very  little  ker- 
mes, fince  we  obtain  at  mod  but  two  gros  of  a  liver 
of  antimony  :  it  is,  befides,  troublefome  on  account  of 
the  long  boiling  and  the  evaporation  of  the  water. 

M.  Baumc,  who  has  adopted  that  of  Lemery,  pro- 
pofes  two  methods  of  eafily  preparing  a  great  quantity 
:  of  the  kermes  in  a  fhort  time  ;  one  by  the  dry  way,  and 
the  other  by  the  humid  way.    According  to  the  firft 
method,  we  fufe  in  a  crucible  one  pound  of  antimony, 
i  two  pounds  of  very  fine  fait  of  tartar,  and  one  ounce 
iof  fulphur;  which  is  all  previoufly  reduced  into  fine 
powder.    We  pour  this  mixture,  when  fufed,  into  an 
)  iron  mortar ;  when  cold,  it  is  reduced  into  a  grofs 
powder ;  we  boil  it  in  a  fufficient  quantity  of  water, 
and  filtrate  the  liquor  through  grey  paper ;  we  obtain  a 
i  kermes  of  a  red-brown  colour  when  it  is  cold  :  we  wafh 
it  firft  with  cold  water,  and  then  with  boiling  water, 
until  it  be  fufllciently  deprived  of  its  faline  parts ;  we 
then  dry  it,  pulverize  it,  and  pafs  it  through  a  filken 
ueve.    In  order  to  prepare  the  kermes  by  the  humid 
way,  we  boil  five  or  fix  pounds  of  pure  fixed  alkali,  in 
fifteen  or  twenty  pounds  of  river-water ;  into  the  boil- 
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ing  liquor  we  throw  four  or  five  ounces  of  porphyrizcd 
antimony:  we  fliakethe  mixture;  and  when  it  has  boil- 
ed a  little  time,  we  filtrate  it;  after  cooling,  it  depofites 
fome  kermes ;  and  we  warn  it  in  the  fame  manner  as 
that  made  by  fofion.  This  procefs  affords,  according 
to  M.  Baume,  twelve  or  thirteen  ounces  of"  kermes  for 
the  pound  of  antimony.  This  chemift  alTures  us,  that 
}heie  two  kermes  are  both  alike. 

The  theory  of  this  operation,  and  the  nature  of  the 
kermes,  are  not  as  yet  perfectly  underftood,  notwith- 
itanding  the  labour  of  feveral  celebrated  chemifts.  We 
think  m  general,  that  the  alkali  diffolves  the  fulphur  of 
the  antimony,  and  that  the  liver  of  fulphur  which  it 
forms  diffolves  iikewife  the  regulus  of  antimony.  This 
femimetal,  however,  is  not  wholly  diffolved;  fince,  in 
the  procefs  of  Lemery  by  the  humid  way,  a  grey  powder 
is  precipitated  during  the  ebullition,  which  fufes  without 
addition  into  a  true  regulus.    The  precipitation  of  the 
kermes  by  the  cooling  of  the  ley,  which  is  at  firft  reddifh, 
and  tranfparent,  and  which  lofes  its  colour  in  proportion' 
as  the  kermes  depofites,  is  even  a  fingular  phenomenon. 
We  take  this  compound  to  be  a  kind  of  antimony  over- 
charged with  fulphur,  and  foluble  by  means  of  heat  in 
the  fixed  alkali.    Accordingly,  if  we  heat  a  ley  which 
contains  fome  kermes  depofited,  it  is  rediffolved  by  the 
heat.    The  ley  which  depofited  fome  kermes  by  cool- 
ing,  contains  flill  fome  antimonial  liver  of  fulphur: 
when  we  pour  an  acid  into  it,  an  orange  matter  preci- 
pitates, called  fulphur  auratum  antimomi^  and  which  is 
much  more  emetic  than  the  kermes.  It  is  our  opinion  it 
contains  lefs  fulphur  and  more  regulus  than  the  kermes. 

Geoffroy,  who  in  1734  and  1735  prefented  to  the 
Academy  feveral  memoirs  upon  kermes,  ufed  feveral 
methods  of  analyzing  it.  The  action  of  the  acids  is  the 
moft  effectual  means  which  we  can  employ.  Thefe  faits 
diffolve  the  femimetal,  and  leave  the  fulphur  detached. 
By  this  means  we  can  appretiate  the  refpe&ive  quantity 
of  thefe  two  fubftances.    One  gros  of  kermes  contains, 
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according  to  Geoffroy,  from  lixteen  to  feventeen  grains 
of  regulus,  thirteen  to  fourteen  of  fixed  alkali,  and 
forty  to  forty-one  of  fulphur.  Many  chemifts  at  pre- 
icnt  think,  that  the  kermes  does  not  contain  an  atom 
of  alkali.  M.  Baume  thinks  that  this  fait  is  not  one  of 
its  conftituent  principles,  and  that  it  may  be  freed  of 
the  alkali  by  only  waffling  it  in  a  good  quantity  of  boil- 
ing water.  M.  Dcyeux,  who  has  profecuted  this  ob- 
ject, is  of  the  fame  opinion.  Upon  an  inveftigation  of 
the  kermes,  conjunctly  with  M.  le  Due  de  la  Rouche- 
foucauld,  we  have  had  an  opportunity  of  obferving  the 
fame  thing.  But  what  feems  to  be  of  the  greateft  im- 
portance in  this  object  is,  that  the  kermes  feems  to  be 
very  different  from  itfelf,  according  to  feveral  circum- 
ftances  of  its  preparation.  It  contains  more  or  lefs  fulr 
phur  and  regulus ;  and  we  apprehend  that  its  effects, 
in  confequence  of  thefe  differences,  ought  to  vary  very 
much.  In  general  it  appears,  that  the  ftate  of  the  an- 
timony, the  variety  of  the  proportion  of  its  principles, 
its  greater  or  lefs  divifion,  the  greater  or  lefs  caufticity  of 
the  alkali,  its  quantity,  the  quantity  of  the  water,  the  time 
of  the  ebullition,  and  feveral  other  analagous  circum- 
ftances,  may  greatly  change  the  nature  of  the  kermes. 
It  were  then  much  to  be  wifhed,  in  pharmacy,  that  this 
medicine  could  be  prepared  in  an  uniform  manner ; 
and  we  can  only  obtain  this  perfection  by  a  fet  of  ex- 
periments, made  with  all  the  precifion  and  all  the  ac- 
curacy which  a  matter  of  fo  great  delicacy  requires. 
Without  entering,  at  large,  upon  the  phenomena,  which 
the  kermes  exhibits  when  treated  with  a  great  number 
of  different  intermixtures,  we  fhall  only  add,  that  the 
alkalis  change  it  Angularly,  and  ditTolve  it ;  that  the  acids 
att  with  a  very  varied  force  upon  it;  and  that  it  is  very 
difficult  to  determine  in  an  accurate  manner  the  ftate  of 
the  femimetal,  and  of  the  fulphur  which  enters  into  its 
compofition. 

The  cauftic  alkalis  exert  a  much  greater  force  upon 
antimony  than  the  mild  alkalis  do ;  they  form  a  kermes 
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in  much  greater  abundance,  and  of  a  much  deeper  co- 
lour. Lime  water,  digefted  with  antimony  in  pow- 
der, affords,  even  in  the  cold,  in  the  fpace  of  foine 
days,  a  kind  of  kermes  or  fulphur  auratum,  of  a  beau- 
tiful red  colour.  The  volatile  alkali  changes  it  in  the 
fame  manner.  By  diftilling  fome  fal  ammoniac  with  an- 
timony, we  obtain  a  powdery  purple  fublimate,  which 
appeals  to  be  a  kind  of  antimonial  liver  of  fulphur  with 
bafe  of  volatile  alkali. 

In  the  Lift  place,  to  fmifli  the  hiftory  of  the  decom- 
position of  antimony,  we  obferve,  that  feveral  metal- 
lic fubftances  pofiefs  the  power  of  depriving  it  of  its 
fulphur,  with  which  they  have  a'  greater  affinity  "than 
the  regulus  has.  Tin,  iron,  copper,  and  filver,  may 
effect  thefe  decompofitions.  It  is  fufficient  to  heat  and 
fufe  the  tin  and  filver  with  the  antimony.  Thefe  two 
metals  unite  to  the  fulphur,  and  leave  the  regulus. 
The  iron  and  copper  produce  the  fame  effect,  if,  after 
they  are  reduced  into  filings,  and  made  red-hot  in  a 
crucible,  the  antimony  is  added  to  them.  This  mineral 
accelerates  the  fufion,  and  the  regulus  feparates.  The 
femimetal  obtained  by  thefe  procefles  is  not  pure :  it 
retains  a  part  of  the  metallic  fubftances  which  we  have 
employed  for  the  feparation  of  the  fulphur ;  its  colour 
and  form  conftantly  mow  this  alloy  :  it  is  called  regulus 
Jovis,  Veneris,  or  Marlis,  according  to  the  metal  to 
which  it  is  united. 

The  regulus  of  antimony  is  employed  in  feveral 
arts,  and  particularly  to  caft  the  types  for  printing. 
It  was  ufed  formerly  for  a  purge.  Some  warer  or  wine 
was  kept  for  a  night  in  vefieis  made  of  it;  next  day  the 
liquor  was  ready  for  ufe.  But  as  the  temperature  of  the 
place  where  this  operation  was  performed,  the  greater 
or  lefs  acidity  of  the  wine,  neeeffarily  produce  diffe- 
rences in  the  quantity  of  regulus  diffolved,  this  medi- 
cine has  with  reafon  been  abandoned  as  very  uncertain 
in  its  effects.  We  have  likewife  renounced  the  perpe-1 
tual  pills,  being  only  balls  of  this  femimetal,  which  uvre 
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employed  as  a  purge.  The  ftate  of  the  digeftive  juices, 
the  nature  of  the  faburra  in  the  firft  pafiages,  the  fenfi- 
bilityof  different  individuals,  rendered  their  effects  un- 
certain, and  often  dangerous. 

We  only  employ  now  the  crude  antimony,  the  flux 
of  Rotrou,  the  warned  diaphoretic  antimony,  the  ker- 
mes  mineral,  and  fulphur  auratum.    The  crude  anti- 
mony is  ufed  as  a  fudorific  in  difeafes  of  the  (kin.  We 
fufpend  it,  wrapped  up  in  a  linen  cloth  in  form  of  a 
knot,  in  the  veflels  in  which  we  prepare  the  ptifans  ap- 
propriated for  fuch  difeafes :  fome  phyficians  deny,  that, 
when  given  in  this  form,  they  poncfs  any  virtues.  We 
exhibit  it  alfo  in  fubftance,  minutely  porphyrized  and 
formed  into  pills,  for  the  fame  indications.    The  flux 
of  Rotrou  is  very  much  recommended  in  difeafes  of  the 
lymph,  which  depend  on  the  thickening  of  this  liquor^ 
as  in  fcrophulous  affections,  and  in  general  in  obftruc- 
tions  of  the  glands.  Several  phyficians  repofe  no  confi- 
dence in  the  efficacy  of  wafhed  diaphoretic  antimony  : 
they  look  on  this  as  a  true  calx  of  antimony,  without 
virtue.    In  the  mean  time,  we  ought  not  to  forget, 
that  this  calx,  which  M.  Rouelle  found  to  poflefs  a  fen- 
fible  enough  folubility,  may  produce  effects  in  confe- 
quence  of  this  property.    It  is  befides  certain,  that  as 
we  do  not  know  the  action  of  the  gaflric  and  inteifinal 
juices  upon  the  metallic  calxes,  we  cannot  fay  that  a 
fubftance,  infoluble  and  infipid  to  appearance,  cannot 
poflefs  any  other  virtue.     Here  reafonings  ought  to 
yield  to  obfervation  :  this  medicine  has  been  obfer- 
ved  to  produce  often  good  effects  on  the  ringworm 
eruptions,  and  in  the  molt  obftinate  difeafes  of  the  {kin, 
when  it  is  employed  for  a  length  of  time.    We  ought 
to  prefer,  in  the  cafe  of  thefe  difeafes,  the  unwafned 
diaphoretic  antimony  or  the  flux  of  Rotrou,  which  is 
much  more  active  than  the  foregoing  preparation,  in 
confequence  of  the  alkali  which  it  contains.    In  thefe 
affeaions  alfo  we  make  ufe  of  a  medicine  called  powder 
of  Cbevalleray.    This  is  diaphoretic  antimony  calcined 
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fcven  times  fucceffively  with  frefh  nitre  for  two  hours 
and  wafhed  after  every  operation :  it  does  not  fenfibly 
differ -  from  warned  diaphoretic  antimony;  becaufe 
this  femimetal,  once  well  calcined,  as  it  is  when  de- 
flagrated with  three  times  its  weight  of  nitre,  is  not 
iulcepuble  of  any  farther  calcination  in  this  operation ; 
like  wife  we  do  not  obferve  any  more  detonation. 

The  kermes  mineral  is  one  of  the  moft  precious  me- 
dicines,  which  the  medical  art  pofTefTes.  It  is  an  expec- 
torant, and  is  employed  with  the  greateft  fuccefs  in  pitui- 
tous  affections  of  the  ftomach,  of  the  lungs,  of  the  inte- 
ftines,  and  even  of  the  urinary  pafTages.  It  is  ufed  moft 
commonly  in  difeafes  of  the  breaft,  with  a  view  to  aflift 
expectoration:  we  ought,  however,  not  to  adminifter  it 
till  the  inflammation  has  abated.  It  does  alfo  much  fer- 
vice,  when  exhibited  in  little  dofes,  in  the  catarrh  of 
the  breaft,  the  humid  afthma,  difeafes  of  the  fkin,  glan- 
dular obftru&ions,  and  other  difeafes.  We  employ  it 
only  in  the  dofe  of  a  half  grain  to  that  of  two  or  three, 
in  proper  drinks,  or  in  the  form  of  pills.  It  is  fome- 
times  emetic  :  it  often  excites  a  fweat,  or  increafes  the 
flow  of  the  urine. 

The  fulphur  auratum,  as  it  is  a  violent  emetic  and 
cathartic,  is  not  in  ufe.  We  fometimes  exhibit  it  in  the 
fame  cafes  as  we  do  kermes ;  but  its  effeds  are  much 
more  uncertain. 

There  are  ftill  feveral  other  preparations  of  antimony 
from  which  medicine  derives  many  advantages  ;  but  as 
they  are  made  with  vegetable  matters,  we  will  take  no- 
tice of  them  in  another  part.  This  metallic  fubftance 
is  of  the  greateft  importance  to  phyficians,  and  they 
cannot  ftudy  too  much  all  its  properties.  It  is  one  of 
thofe  fubftances  upon  which  the  alchemifts  and  che- 
mifts  themfelves  have  been  the  moft  exercifed ;  and  it 
is  that  circumftance  which  has  given  rife  to  the  nume- 
rous preparations  which  we  have  juft  defcribed. 


L  E  C- 


CHEMISTRY.  429 


LECTURE  XXIX. 
Species  7.  Zinc. 

*~T  INC  is  a  femimetallic  fubflance,  brilliant,  of'  a 
j  1  blueifh-white,  cryftallized  in  ftraight  laminse :  it 
has  neither  any  tafle,  nor  any  particular  fmell.  It  can- 
not be  reduced  into  powder  like  the  other  femimetals : 
it  may  be  flattened  under  the  hammer,  and  may  even  be 
fplit  into  laminae  very  completely,  provided  it  has  not 
been  previoufly  too  much  fliffened  by  the  hammer. 
When  we  want  zinc  very  much  divided,  we  mufl  grain 
it ;  that  is  to  fay,  pour  it  fufed  into  cold  water,  or  file  it. 
It  has  the 'tlifad vantage  of  fluffing  the  file  and  filling  the 
teeth.  M.  Macquer  fays,  that  when  we  give  it  the  great- 
eft  heat  pctfible,  without  fufing  it,  it  becomes  very 
brittle,  and  may  then  be  pulverized  in  a  mortar.  This 
property  is  very  different  from  that  of  the  metals,  which 
become  more  ductile  by  the  action  of  the  fire ;  and  it 
furnifhes  us  with  an  advantageous  procefs  to  have  this 
femimetal  very  much  divided. 

Zinc  lofes  in  water  about  a  feventh  of  its  weight. 
The  particular  facets  which  the  pigs  of  the  zinc  in 
commerce  prefent  in  their  fracture,  indicated  that  this 
femimetal  had  the  property  of  cryftallizing  in  a  particu- 
lar manner.  M.  l'Abbe  Mongez  has  fucceeded  com- 
pletely in  obtaining  this  cryftallization,  It  is  formed  of 
bundles  of  fmall  quadrangular  prifms,  difpofed  on  all 
fides,  of  a  blue  colour,  which  changes  if  expofed  to 
the  air. 

M.  Sage  looks  upon  zinc  as  the  moft  common  of  the 
metals  next  to  iron.  He  fays,  that  he  found  it  in  all 
the  martial  pyrites :  and  M.  Grignon  afferts,  that  the 
cadmy  of  the  furnaces,  in  which  the  earthy  ores  of  iron 
are  treated,  contains  much  zinc.  Zinc  is  rarely  found. 
M.  de  Bomare  fays,  that  he  has  feen  it  in  the  mines  of 
calamine  ftone  in  the  duchy  of  Limbourg,  and  in  the 
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mines  of  Goflard :  it  was  in  fmall  pliant  filaments,  ol 
a  greyifh  colour,  and  eafily  inflamed.  This  femim'efal 
is  ofteneft  in  the  ftate  of  a  calx ;  it  then  conftitutes  the 
calamine  (tone,  whofe  form  varies  greatly.  Sometimes 
it  is  cryftallized  in  cubes,  in  prifms,  in  leaves,  or  in  la- 
minae :  for  the  moft  part  it  is  in  irregular  mafles.  Its 
colour  alfo  varies.  It  is  often  white,  fometimes  grey 
or  yellow,  at  other  times  reddifh.  It  is  found  in  very 
confiderable  quarries  in  the  dutchy  of  Limbourg,  the 
counties  or'  Namur,  and  of  Nottingham  and  Sommerl'et 
in  England.  In  thefe  calamines  we  often  find  marine 
bodies  and  calcareous  fpar;  which  proves  that  they 
have  been  depofited  by  the  water.  It  is  alfo  called  ca4 
lamine  ftone,  natural  or  fojftle  cadmia. 

Zinc  i;i  the  ftate  of  a  calx,  combined  with  fulphur, 
forms  blend  or  falfe  galena.  Generally,  this  blend  is  dif- 
pofed  in  fcales ;  fometimes  it  feems  cryftallized  in  more; 
or  lefs  truncated  cubes :  it  varies  in  colour  ;  often  it  in-j 
clines  to  that  of  lead ;  moft  frequently  it  is  black  and 
reddifh  :  there  is  likewife  found  at  Konigfberg  in  Nor-} 
way,  at  Goflard,  and  Saint  Maria,  a  kind  which  is  yel-; 
low  and  tranfparent.    Almoft  all  the  blends  are  phof-i 
phoric  when  rubbed  in  the  dark;  lbme  are  fo  even  toi 
inch  a  degree,-  that  rubbing. them  with  a  toothpick  fuf-  : 
flees  to  difcover  this  property.     Blend  has  got  the 
name  of  Jlerile  nigrum  ;  becaufe,  when  it  was  fufed  in  I 
order  to  extratr.  the  lead  which  it  feemed  to  contain, 
nothing  was  procured ;  on  this  account,  that  the  zinc 
was  volatilized  in  the  fufion.    All  the  blends,  when' 
rubbed  or  diflblved  in  an  acid,  emit  a  very  fenfible 
fmell  of  liver  of  fulphur.    M.  Cronftedt  looks  upon 
them  as  zinc,  united  to  fulphur  by  the  intermedium  of  < 
iron.    M.  Sage  thinks,  that  they  contain  an  earthy 
liver  of  fulphur. 

Zinc  is  found  in  a  faline  ffate  alfo,  combined  with  j 
the  vitriolic  acid  :  then  it  forms  either  rhomboidal  cry- j 
flals  or  white  ftala&ites  ;  or  rather  it  is  cryftallized  in. 
fine  needles,  and  in  filken  filaments,  like  amianthus :  j 
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in  this  ftate  it  is  called  firmed  alum  i  it  is  found  in  Ita- 
ly, and  in  the.  mines  of  Goflard  at  Hartz.  After  thefe 
details,  the  ores  of  zinc  may  be  exhibited  in  the  follow- 
ing manner,  according  to  the  Itate  in  which  this  femi- 
metal  is  found. 

State  i .    Native  Zinc. 

Varieties. 

1 .  In  filaments,  flexible,  greyifh,  and  inflammable. 

2.  In  mafles  compofed  of  laminae,  of  a  yellowifli 
grey,  and  ochry,  1  have  feen  in  cabinets  fpeci- 
rnens  of  ore's  fent  for  native  zinc,  which  had  the 
form  that  I  have  juft  defcribed  ;  but  as  their  fear- 
city  has  hindered  them  from  being  examined, 
there  is  nothing  decided  about  their  nature.  The 
exigence  of  native  zinc  ftill  is  a  problem  among 
naturalifts. 

State  2.    Zinc  in  a  calcined  ftate.  Calamine. 

Varieties. 

1.  White  calamine,  in  three- fided  prifmatic  cryftals, 
fhort,  in  confufed  groups.  It  fometimes  inclines 
to  green. 

2.  Calamine  cryftallized  in  pyramids,  fur.ilar  to  cal- 
careous fpar,  with  fwineVteeth  ;  of  a  white,  grey, 
greenim,  or  reddifli  colour.  M.  Sage  and  Rome 
de  Lifle  thought  that  this  calamine  was  produced 
by  decompoiition  of  calcareous  ipar.  In  fatt,  it  is 
often  found  in  part  calcareous,  and  hollowed  in 
the  inner  part. 

3.  Calamine,  folid  and  as  if  worm-eaten.  It  is  rid- 
ged, cellular,  and  as  if  in  dendritical  cryflals. 

4.  Solid  and  compact  calamine,  lapis  calaminaris. 
That  which  comes  to  us  from  the  county  of  Na- 
mur  is  always  calcined.  It  is  not  exported,  till  it 
has  undergone  this  operation. 

5.  Calamine  in  greenim  or  yellowifli  ftalagmites. 
State  3.    Zinc  mineralized  by  Sulphur.  Blend. 

Varieties 

1.  Oclaedral  or  cubic  blend,  whofe  angles  are  trun- 
cated.   It  is  of  a  red  or  brown  colour. 

2.  Blend 
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2.  Blend  in  large  vitreous  lamina?.  Its  colour  is 
yellow,  red,  or  brown. 

3.  Blend,  colour  of  pitch,  like  nipples  or  leaves. 

4.  Blend  of  a  blueilh  grey,  compofed  of  very  fmall 
leaves. 

5.  Blend  which  is  decompofcd  :  its  laminae  or  leaves 
are  feparated  ;  its  brilliancy  is  loft  ;  it  partes  to  the 
ftate  of  calamine. 

State  4.    Saline  Zinc.    White  Vitriol. 

Varieties. 

1.  Vitriol  of  zinc  in  native  rhomboidal  cryftals.  This 
vitriol  is  very  rare. 

1.  Vitriol  of  zinc  in  ftalactites. 

3.  Vitriol  of  zinc  in  filken  filaments,  improperly 
called  -plumed  alum. 

In  order  to  effay  calamine,  it  is  fufficient  to  pound  it, 
to  mix  it  with  powder  of  charcoal,  and  to  heat  it  in  a 
crucible  covered  with  a  plate  of  red  copper.  This  laft 
is  not  long  of  turning  yellow,  and  of  being  converted 
into  brafs.  The  blend,  after  having  been  roafted,  may 
be  effayed  in  the  fame  manner.  M.  Monnet  fays,  that 
it  may  be  effayed  conveniently  by  dilfolving  it  in  aqua- 
fortis, which  unites  with  the  metallic  fubftance,  and  fe- 
parates  the  fulphur.  The  calx  of  zinc  is  reduced,  after 
being  feparated  from  the  nitrous  acid  by  diftillation. 

The  ores  of  zinc  are  but  little  wrought  to  extract,  this 
femimetal.  It  is  by  fufmg  the  ores  of  lead  mixed  with 
blend  that  zinc  is  extracted  in  the  form  of  a  calx,  which 
fublimes  in  the  chimneys  of  the  furnaces,  and  produces 
greyifh  incruftations, called  tuttyox  cadmla  of  the  furnaces. 
Another  part  of  it  is  gotten  in  a  metallic  ftate  :  for  this 
purpofe  care  is  taken  to  cool  the  anterior  part  of  the  fur- 
nace, which  is  called  la  chemtfe.  The  zinc,  reduced  into 
vapours  by  the  action  of  the  fire,  comes  to  condcnfe  in 
this  place,  and  falls  in  grains  among  the  powder  of  char- 
coal, with  which  a  ftone  that  is  placed  at  the  bottom 
has  been  covered.  This  femimetal  is  preferved  from  cal- 
cination by  the  charcoal :  it  is  fufed  anew  in  a  crucible, 
1  and 
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and  run  into  loaves.  This  is  the  procefs  by  which  the 
greateft  part  of  the  zinc  in  commerce,  either  in  a  cal- 
cined or  a  metallic  ftate,  is  extracted  at  Kammellberg. 
This  zinc  is  always  united  with  a  certain  quantity  of 
lead,  which  changes  it :  it  feems  that  that  which  is  pre- 
pared in  China,  and  which  we  get  from  the  Indies  un- 
der the  name  of  tulcnag,  is  much  purer;  but  we  do  not 
know  the  manner  in  which  this  laft  is  prepared.  M. 
Sage  fays,  that  the  Englifh  extract  it  in  great  from  the 
calamine  ftone  in  the  way  of  diftillation  ;  but  that  their 
apparatus  is  ftill  unknown. 

Zinc,  expofed  to  the  fire  in  clofe  veffels,  fufes  as  foon 
as  it  reddens,  and  is  volatilized  without  being  dccnm- 
pofed.  If  we  allow  it  to  cool  flowly,  and  in  a  veffel 
which  will  favour  the  running  off  of  a  portion  of  this 
femimetal  fufed,  the  reft  of  the  zinc  cryftallizes  in 
needled  prifms.  M.  Mongez  ufes  for  this  purpofe  a  pot- 
lherd  for  roafting,  pierced  at  the  bottom  and  in  the  tides 
with  feveral  holes,  which  he  fliuts  up  with  earth  of 
bones.  When  the  zinc  cools  at  the  furface,  the  holes 
are  opened  by  degrees,  and  the  metal  agitated  with  a 
red  hot  iron  introduced  through  thefe  openings.  This 
fimple  procefs  makes  the  portion  ot  fluid  zinc  run  out; 
then  the  veffel  is  agitated,  till  no  more  of  the  fufed  metal 
efcape,  and  the  cooled  portion  be  cryftallized.  If  we 
leave  it  in  the  veffel,  it  has  the  metallic  colour ;  if  we 
expofe  it  to  the  air,  it  affumes  the  colours  of  the  rain- 
bow. When  fufed  zinc  is  in  contact  with  the  air,  it  is 
Covered  with  a  grey  pellicle,  which  is  very  quickly  con- 
verted into  a  yellowifh  earth  or  calx,  not  very  refrac- 
tory, and  eafily  reduced.  This  calx  weighs  more  than 
the  zinc  employed.  But  if  this  femimetal  is  ftrongly 
heated,  it  burns  with  a  white  flame,  or  of  a  yellow  co- 
lour flightly  tinged  with  green,  very  brilliant,  refem- 
bling  that  of  phofphorus.  The  current  of  this  Hame  car- 
ries along  with  it  and  volatilizes  the  zinc,  which  is  con- 
denfed  by  the  air  in  the  form  of  white  flocci  very  light, 
called  flowers  cf  zinc,  pompbolix,  nihil  album,  lana  vel  xylol 
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pbtlofepborum.   It  is  a  perfed  calx  of  zinc :  it  is  heavier 
than  the  metal  employed  for  its  formation  ;  for  from 
every  pound  of  zinc,  M.  Baume  obtained  16  ounces 
6  gros  and  54  grains  of  flowers:  it  is  not  volatile  of 
ltfelf;  and  us  fublimation  is  only  in  confequence  of  the 
rapidity  with  which  the  zinc  burns;  for  if  we  expofe  it 
to  the  fire  after  being  volatilized,  it  remains  very  fixed: 
it  prefVrves  for  fome  time  a  phofphoric  light,  vifible  in 
the  dark:  it  may  be  fufed  into  a  glafs ;  bur  for  this  it 
requires  a  fire  of  the  greateft  violence.    The  glafs  of 
zincis  of  a  fine  pure  yellow.    The  calx  and  the  glafs 
of  zinc  are  nothing  but  the  combination  of  this  femi- 
metal  with  pure  air.    The  glafs  does  not  feem  to  differ 
from  the  white  calx,  except  in  the  more  intimate  union 
of  thefe  two  principles.    This  compound  is  in  the  num- 
ber of  metallic  calxes  which  heat  cannot  deftroy  ;  and  j 
it  cannot  be  reduced  to  its  metallic  ftate  without  addi- 
tion.   We  mult  put  it  in  contaft  with  combuflible  bo- 
dies, that  it  may  be  decompofed.    A  mixture  of  pom- 
pholyx  and  charcoal,  or  any  other  combuflible  matter, 
being  ftrongly  heated,  zinc  is  obtained,  and  the  char- 
coal is  found  in  part  burnt  by  means  of  the  dephlogifti- 
cated  air  which  it  took  from  the  metallic  calx.  There- 
fore zinc  has  lefs  affinity  with,  pure  air  than  charcoal  has, 
though  it  feems  more  combuflible  than  ir.  This  opera- 
tion  does  not  fucceed  well  except  in  clofe  veffels :  on 
that  account  the  Englifh  reduce  the  calamine  ftone  by  5 
diflillation.  Zinc  is  not  changed  by  the  air;  its  furface 
only  tarnifhes  a  little.    It  is  not  acled  on  by  water, 
nor  does  it  combine  with  the  earths ;  but  its  calx  may  j 
be  united  to  thefe  lafl,  and  form  with  them  yellowifh  ' 
glaffes. 

Magnefia  and  lime  have  no  a&ion  on  zinc.  The  cau- 
flic  fixed  alkali  made  to  boil  on  it,  blackens  its  furface, 
gives  it  a  dirty  yellow  hue,  and  diffolves  a  certain  quan- 
tity, which  may  be  feparated  by  pouring  this  liquor  in- 
to fpiric  of  vitriol,  as  M.  de  Laflbne  has  mown.  The 
volatile  alkaline  fpirit  acts  lefs  powerfully,  no  doubt,  on 
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account  of  its  volatility:  this  fait  digefted  with  zinc  in, 
the  cold,  difengages  fome  inflammable  gas. 

The  vitriolic  acid  diluted  with  water,  diffolves  zinc 
in  the  cold.  In  proportion  as  the  acid  acts,  the  femi- 
metal  becomes  of  a  blackifh  grey;  during  the  folution, 
a  black  powder  is  precipitated,  which  has  not  as  yet 
been  examined:  a  great  quantity  of  inflammable  gas  is 
difengaged,  which  burns  with  a  very  bright  flame,  and 
detonates  with  pure  air.  This  gas  has  an  odour  fimilar 
to  that  difengaged  from  the  folution  of  iron  in  the  fame 
acid.  This  odour  changes  when  the  efFervefcence  ceafes, 
and  perfectly  refembles  that  of  greafe  a  little  rancid  :  the 
liquor  is  whitifh,  and  a  little  turbid:  it  becomes  tranfpa- 
rent  by  dilution  with  water,  and  by  evaporation  furnilhes 
a  white  vitriol,  which  is  a  little  more  foluble  in  hot  than 
in  cold  water,  and  of  which  a  portion  cryftallizes  by 
cooling.  Very  regular  cryftals  of  vitriol  of  zinc  are 
very  cafily  obtained,  by  expofmg  fome  days  to  the  air  a 
folution  of  this  fait  made  in  boiling  water,  and  evapo- 
rated a  little;  three-fided  prifms  are  formed,  termi- 
nated by  pyramids  likewife  with  four  fides.  The  fides 
of  thefe  prifms  are  fmooth,  This  isMhe  form  remarked 
by  Meffrs  Sage  and  Rome  de  Lille,  and  which  I  have 
obtained  myfelf.  M.  Bucquet  obferved,  that  thefe  prifms 
were  rhomboidal.  M,  Monnet,  however,  fays,  that  this 
fait  cryftallized  with  difficulty;  and  that  we  mud  eva- 
parate  it  ftrongly,  and  expofe  it  to  cool  quickly,  in  or- 
der to  obtain  regular  cryftals  without  confidence.  The 
white  calx  of  zinc  is  alfo  difTolved  in  the  vitriolic  acid, 
and  gives  white  vitriol. 

This  fait  has  a  very  ftrong  ftyptic  tafte.  According  to 
M.  Hellot,  it  lofes  a  part  of  its  acid  by  the  a&ion  of  the 
fire.  This  acid  has  the  characters  of  the  fulphurcous  a- 
cid :  it  grows  warm  with  the  oil  of  vitriol,  according  to  the 
remark  of  M.  Macquer.  The  vitriol  of  zinc,  when  very 
pure,  is  but  little  altered  by  the  air  ;  it  is  decompofed 
by  lime  and  the  difierent  alkalis.  The  calx  of  zinc  pre- 
cipitated by  thefe  fubftances,  may  be  redifTclved  in  the 
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acids,  and  even  in  the  alkalis.  In  this  folution  the  vo- 
Iatile  alkali  takes  a  dirty  brown  colour.  The  vitriol  of 
zinc  decompofes  nitre,  and  is  decompofed  by  this  neu- 
tral fair.  By  the  diftillation  of  this  mixture  we  obtain 
two  diitincT:  kinds  of  nitrous  acid,  and  fome  glacial  oil 
of  vitriol.  We  mall  fay  more  of  this  fubjecT:  in  the  ar- 
ticle on  Martial  Vitriol. 

We  find  in  commerce,  under  the  name  of  white  cop- 
peras, a  vitriol  of  zinc,  which  is  prepared  in  great  at 
Goflard.  The  blend  is  roafted  ;  a  portion  of  the  ful- 
phur  burns,  and  furnimes  vitriolic  acid,  which  diflblves 
the  calx  of  zinc:  the  roafied  ore  is  warned;  and  the  ley, 
after  being  allowed  to  fettle,  is  decanted,  evaporated, 
and  cryflallized.  This  fait  is  fufed  with  a  gentle  heat, 
that  it  may  lofe  the  water  of  its  cryftals,  and  then  it  is 
left  to  cool.  By  this  procefs  it  is  condenfed  in  white 
mafTes,  opaque,  and  grained  like  fugar.  The  vitriol  of 
Goflard,  diflblved  in  boiling  water,  cryftallizes  by  cool- 
ing: its  cryftals  are  a  little  reddifh.  This  colour  is  at- 
tributed to  the  impurities  of  this  fait,  which  is  fuppofed 
to  contain  a  little  lead  and  iron.  In  order  to  purify  it, 
we  may  throw  fome  zinc  into  its  folution  :  this  femime- 
tal  precipitates  the  iron  and  lead,  becaufe  it  has  more 
affinity  than  they  with  the  vitriolic  acid;  we  filtrate  the 
liquor,  which  then  contains  nothing  but  pure  vitriol  of 
zinc.  We  are  ftill  more  induced  to  believe,  that  the 
alteration  in  the  vitriol  of  Goflard  is  often  owing  to  iron, 
becaufe  fometimes  the  zinc  in  commerce  is  attracted  by 
the  magnet,  undoubtedly  owing  to  a  little  iron  which 
remains  united  to  it.  If  then  we  wifh  to  make  experi- 
mental inquiries  into  this  femimetal,  it  would  be  proper 
to  ufe  only  the  zinc  which  we  prepare  ourfelves,  by  re- 
ducing the  precipitate  of  the  white  vitriol,  purified,  as 
we  have  juft  now  defcribed. 

The  nitrous  acid,  weak  and  diluted  with  water,  combines 
with  zinc  in  the  cold,  and  with  great  rapidity.  A  consi- 
derable heat  is  produced,  as  in  the  folution  by  the  vitrio- 
lic acid.  The  briik  efiervefcence  which  accompanies  ths 
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combination,  difengages  a  great  quantity  of  nitrous  gas, 
which  fuddenly  reddens  with  the  air,  when  we  perform 
the  operation  in  an  open  veffel;  but  which  is  without 
colour  of  itfelf,  and  may  be  collected  above  water,  by 
putting  the  extremity  of  the  veffel,  which  contains  the 
mixture,  under  this  fluid.  If  the  zinc  is  mixed  with  a 
little  iron,  it  is  covered  with  a  reddifh  ochry  powder;  if 
it  is  pure,  fome  tufts  of  a  black  matter  are  precipitated, 
as  we  obferve  with  the  vitriolic  acid.  The  nitrous  acid 
diffolves  much  more  zinc  than  the  vitriolic.  M.  Baume 
fays,  that  fix  ounces  of  this  acid  diffolves  five  gros  and 
a  half  of  zinc  in  lefs  than  two  hours.  The  nitrous  fo- 
lution  of  zinc  is  of  a  greenifli  yellow,  and  a  little  tur- 
bid after  it  has  juft  been  made;  it  lofes  this  colour,  and 
becomes  tranfparent  by  relt.  Though  made  with  a  di- 
luted acid,  it  is  very  cauftic,  and  very  loon  frets  the  fkin. 
By  evaporation  joined  to  cooling,  it  gave  me  cryftals  in 
three-fided  prifms,  compreffed  and  llriated ;  terminated 
by  pyramids  with  four  fides,  likewife  floated.  The  nitre 
of  zinc  put  upon  coals  fufes  immediately,  and  in  por- 
tions which  are  dried.  In  detonating  it  emits  a  finall 
reddirti  flame.  It  does  not  prefent  the  fame  phenome- 
non when  heated  in  a  crucible;  we  cannot  dry  it,  even 
with  the  molt  gentle  heat,  without  altering  it.  The  va- 
pours of  nitrous  acid  efcape  from  it  ;  it  turns  of  a  red 
brown,  and  takes  the  confidence  of  a  gelly.  If  we  cool  it 
in  this  flate,  it  preierves  its  fpftnefs  during  fome  time ;  if 
we  continue  to  heat  it,  it  dries  totally,  and  leaves  a  yel- 
low calx.  I  never  diftilled  this  fait,  and  I  do  not  know 
if  it  gives  pure  air.  Hellot  extracted  from  it  a  very  fu- 
ming nitrous*  acid  ;  and  he  obferved  the  red  colour 
which  it  affumed  in  fuling.  The  nitre  of  zinc  readily 
attracts  humidity  from  the  air,  and  lofes  its  regular  form. 
After  fome  days  no  more  than  ftriated  and  pointed 
prifms  remain,  without  any  determined  figure.  We  are 
not  certain  if  it  can  be  decompofed  by  the  other  acids. 
MeflVs  Pott  and  Monnet  fay,  that  zinc  has  much  affinity 
with  all  the  falts,  without  giving  preference  to  any  in 
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particular.  According  to  Hellot,  the  flowers  of  zinc  ab- 
fohitely  form  the  fame  fait  with  the  nitrous  acid. 

The  marine  acid  acts  on  zinc  with  as  great  rapidity 
as  the  nitrous  acid :  during  the  brifk  effervefcence  which 
accompanies  this  combination,  a  great  quantity  of  inflam- 
mable gas  is  difengaged,  poffeffing  all  the  properties  of 
that  made  with  the  vitriolic  acid  ;  afubftance  is  gradually 
depofited  in  blackim  flocci,  which  fome  have  thought 
to  be  fulphiir,  others  iron,  and  M.  de  Laffone  a  calx  of 
zinc.    This  matter  diflblved  in  the  acids  cannot  be  re- 
duced into  a  metal,  and  calcines  on  burning  coals.  M. 
Monnet  fuppofes,  that  it  proceeds  from  fome  foreign 
metallic  fubftances,  as  iron  or  copper,  which  are  often 
found  in  zinc :  it  would  merit  a  particular  examination. 
The  folution  of  zinc  by  the  marine  acid  is  void  of  co- , 
lour;  it  cannot  be  cryftallized  by  evaporation.  When 
we  heat  it,  it  becomes  of  a  blackim  brown,  emits  acrid 
and  pungent  vapours  of  the  marine  acid,  and  grows 
very  thick  ;  expofed  in  this  ft  ate  duqng  eight  days  to 
the  air,  it  did  not  give  efyftals.    By  diftillation  it  gave 
a  little  very  fuming  acid,  and  true  butter  of  zinc. 
MefTrs  Hellot  and  Monnet  have  very  well  defcribed  this 
experiment :  I  have  repeated  it  feveral  times  in  my 
courfes;  and  after  a  little  yellowifh  acid,  I  obtained  a 
congealed  matter  in  the  body  and  in  the  neck  of  the 
retort.    This  butter  was  much  whiter  than  milk,  very 
folid,  and  formed  of  fmall  mining  needles,  as  a  ftalaclite: 
it  fufes  by  a  gentle  heat.    I  have  kept  a  glafs  flalk  of  it 
for  a  year  well  clofed  up ;  it  is  but  flightly  moid,  and 
the  part  which  touched  the  glafs  is  a  little  yellowifh:  the 
bottom  of  the  flafk  prefents  the  colours  of  the  rainbow. 
This  alteration  undoubtedly  depends  on  the  light.  In 
the  retort  there  remains  a  blackilh  vitriform  and  deli- 
quefcent  matter.  The  butter  of  zinc  which  M.  Hellot  ob- 
tained was  yellowifh;  and  he  fays  the  vitriolic  difengages 
the  marine  acid  from  it.  The  marine  acid  has  the  fame 
effetls  upon  the  calx  of  zinc.  The  aerial  acid,  in  which 
is  put  fome  zinc,  or  calx  of  zinc,  to  digefl  in  the  cold, 
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diffolvcs  in  about  24  hours,  according  to  M,  Bergman, 
-a  very  great  quantity  of  this  metal.  This  folution,  ex- 
pofed  to  the  air,  is  covered  with  a  pellicle  which  reflects 
different  colours,  and  is  nothing  but  a  chalk  of  zinc, 
called  aerated  zinc  by  this  celebrated  chemift. 
•  All  thefe  folutions  of  zinc  in  the  acids  are  precipi- 
tated by  lime-water,  the  folution  of  magnefia,  the  fixed 
and  volatile  alkalis-  Then  the  metal  appears  under  the 
form  of  white  or  yellowifh  flocci,  according  to  the  ftate 
of  its  folution,  or  the  purity  of  the  precipitant.  In  this 
experiment  the  zinc  is  reduced  .to  a  calx,  and  draws 
along  with  it  a  portion  of  the  air  contained  in  the  acid. 
This  calx  may  be  reduced  by  means  of  the  combuftible 
fubftances ;  it  is  foluble  in  the  acids,  and  in  the  6xed 
or  volatile  alkalis.  By  adding  more  of  thefe  lafl  than  is 
neceffary  to  precipitate  the  zinc,  the  metal  gradually 
difappears,  and  the  liquor  acquires  a  dirty  yellow  co- 
lour, which  indicates  the  folution  of  the  calx  of  zinc  in 
the  alkalis.  When,  inftead  of  employing  the  pure  or 
eaufttc  alkalis,  we  employ  the  aerated  tartar,  natrum,  or 
ammoniac,  for  the  precipitation  of  the  zinc,  there  is  but 
very  little  effervefcence,  the  precipitate  is  whiter,  and 
it  appears  that  the  acid  is  carried  back  to  the  calx  of 
zinc  ;  fo  that  in  this  cafe  there  are  two  decompofnions 
and  two  combinations. 

Zinc  has  the  property  of  decompofing  feveral  neutral 
falts.  Perhaps  by  expofing  it  to  the  lire  in  a  crucible 
along  with  fome  vitriolated  tatar,  it  would  decompofe 
this  fait,  and  would  form  fome  liver  of  fulphur,  as  we 
have  feen  was  the  cafe,  according  to  M.  Monnet,  with 
the  regulus  of  antimony.  This  might  be  fuppofed  with 
•fo  much  the  more  probability,  as  it  is  much  more  com- 
buftible  than  this  regulus.  The  fame  would  happen 
with  Glauber's  fait  and  vitriolic  ammoniac.  Filings,  or 
the  powder  of  zinc,  detonate  with  nitre  with  lingular 
rapidity.  This  mixture,  very  dry,  thrown  in  fpoonfuis 
into  a  red-hot  crucible,  produces  a  red  and  white  flame. 
The  activity  of  this  inflammation  is  fo  great,  that  burn- 
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ing  [parks  (hoot  to  a  great  diftance  from  the  crucible 
and  it  requires  much  precaution  on  the  part  of  the  ar! 

a  u  j  ZmC  burnS  by  means  of  the  Pure  air  furnim- 
ed  by  the  nitre  decompofed;  and  accordingly  it  is  found 
in  the  ftate  of  a  more  or  Iefs  perfeft  calx,  according  to 
the  quantity  of  nitre,  A  part  of  this  refiduum  is  foluble 
in  water:  it  is  the  vegetable  fixed  alkali,  combined  with 
the  calx  of  the  zmc,  which  may  be  precipitated  by  means 
Ot  the  acids.  Refpour  attributed  to  this  foluiion  the 
property  of  diflblving  all  the  metals,  if  we  believe  Hel- 
Jot,  who  gave  it  as  the  alkaheft  of  this  alchemift.  From 
the  works  of  M.  Pott,  zinc  appears  to  be  capable  of  de- 
compofing  the  marine  fait.  Sal  ammoniac,  particularly, 
is  very  eafily  decompofed  by  it.  M.  Monnet  afTerts,  that 
in  triturating  this  femimetal  with  this  fait,  fome  volatile 
alkali  is  difengaged.  M.  Bucquet  obferved,  that  in  di- 
ihlhng  fal  ammoniac  and  zinc,  we  get  much  alkaline 
and  inflammable  gas,  produced  by  the  combination  of 
the  marine  acid  with  the  femimetal.  He  obferved,  that 
it  was  in  confequence  of  the  brifk  reaction  which  the 
zinc  exerts  on  the  marine  acid,  that  the  volatile  alkali 
is  fo  eafily  difengaged.  According  to  M.  Hellot,  the 
Calx  of  zinc  lifcewife  difengages  it. 

A  folution  of  alum  boiled  with  filings  of  zinc  is  de- 
compofed, and  fome  white  vitriol  is  produced.  The  bafe 
of  this  fait,  then,  has  Ids  affinity  with  the  vitriolic  acid 
than  the  calx  of  zinc  has.  This  faff,  is  due  to  M.  Pott, 
W e  /ball  have  occafion  to  obferve  it  in  feveral  metallic 
fubfiances, 

The  effects  of  inflammable  gas  on  zinc  have  not  been 
examined.  1  have  only  obferved,  that  plunged  into  this 
gas,  after  fome  time  it  acquired  a  blue  and  changeable 
colour  of  the  greatc-ft  beauty;  but  I'have  purfued  this 
alteration  no  farther. 

^  Zinc  does  not  appear  capable  of  immediately  combi- 
ning with  fulphur.    Thefe  two  fubftances  fufed  toge- 
ther, are  fi-parated  without  contracting  any  kind  of 
union.    This  phenomenon  is  fo  much  the  more  Angu- 
lar, 
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lar,  as  this  femimetal  is  almoft  always  combined  with 
fulphur  in  its  ores.  We  have  formerly  obferved,  infpeak- 
ing  of  blend,  that  this  union  is  probably  owing  to  fome 
other  fubftances  ;  and  perhaps  to  calcareous  earth,  as 
feveral  chemiflshave  faid.  However,  M.  Malouin  could 
not  fucceed  in  combining  zinc  with  alkaline  liver  of 
fulphur,  either  by  the  humid  or  dry  way,  and  varying 
the  quantities  of  thefe  two  bodies.  Could  the  cal- 
careous liver  of  fulphur  have  this  property  exclufive- 
]y  ?  This  is  a  good  ground  for  experiment.  M.  Ma- 
louin combined  zinc  with  the  regulus  of  arfenic.  He 
obferved,  diat  this  regulus  did  not  combine  fo  well  as 
the  calx  with  this  femimetal.  However,  in  an  experi- 
ment, in  which  he  dittilled  a  mixture  of  this  calx,  tal- 
low, and  zinc,  he  obtained  a  blackifh  mafs  like  blend, 
and  more  tender  than  this  ore.  It  appears  alfo  that 
zinc  attracts  the  air  from  the  calx  of  arfenic  when  we 
diftill  them  together ;  and  that  part  of  this  femimetal  is 
in  the  ftate  of  flowers,  whiUl  a  portion  of  the  arfenic 
is  converted  into  a  regulus.  It  would  be  of  importance 
to  make  a  fet  of  experiments  on  this  fubject,  in  order 
to  learn  what  is  the  reciprocal  action  of  the  metals,  and 
of  their  calxes  on  one  another. 

We  do  not  know  if  zinc  is  capable  of  being  mixed 
with  cobalt.  It  does  not  combine  with  bifmuth ;  and 
when-  we  fufe  thefe  two  femi metals  together,  the  bif- 
muth, as  being  more  heavy,  precipitates  under  the  zinc. 
They  are  feparatcd  with  a  ftroke  of  a  hammer. 

Zinc  fufed  with  regulus  of  antimony,  gives  a  hard 
and  brittle  alloy,  which  M.  Malouin  only  mentions. 

Zinc  is  of  great  ufe  in  the  arts :  it  is  employed  in  fe- 
veral alloys,  particularly  in  that  Which  conltitutes  tom- 
bac, fimilor,  or  prince's  metal.  Fine  filings  of  zinc  are 
mixed  with  powder,  in  order  to  produce  beautiful  and 
brilliant  artificial  fire-works.  Some  perfons  have  pro- 
pofed  to  fubttitute  this  femimetal  to  tin  in  tinning,  which 
they  have  looked  upon  as  dangerous.  M.  Malouin,  af- 
ter haying  compared  thefe  metallic  fubftances,  in  two 
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memoirs,  inferted  among  thofe  of  the  Royal  Academy 
of  Sciences  for  the  years  1743 — 44 »  g',ves  an  account 
of  his  experiments  on  tinning  with  zinc.  He  infers 
from  his  refearches,  that  this  kind  of  tinning  would  be 
more  accurately  laid  over  the  copper,  would  be  much 
harder  and  lefs  fufible  than  tin,  and  confequently  more 
durable,  and  lefs  fubje£t  to  leave  the  copper  uncovered. 
•M.  Macquer,  who  knew  its  advantages,  made,  however, 
very  important  obfervations  on  the  ufe  of  zinc  for  kitchen- 
velTels ;  and  he  thinks  it  dangerous,  btcauie  it  is  foluble 
by  the  vegetable  acids,  as  vinegar,  verjuic  ,  &c.  and 
becaufe  it  has  a  very  ftrong" emetic  property.  He  proves 
it  by  the  vitriol  of  zinc,  which  was  formerly  ufed  as 
a  vomit,  under  the  name  of  Gilla  vitrioU;  and  by  the 
teftimony  of  >M.  Gaubius,  who  took  a  reputed  remedy 
in  convulfive  difeafes,  called  Luna  jixata  Ludemanni,  for 
flowers  of  zinc.  This  pretended  I  una  fixata  was  a  ftrong 
emetic,  and  in  very  fmall  dofes.  But  may  we  not  be 
allowed  to  prefume,  that  thefe  reproaches  which  fall  on 
the  vitriol  and  flowers  of  zinc,  are  not  more  applicable 
to  the  femimetal  itfelf,  than  to  the  falts  formed  by  the 
combination  with  the  vegetable  acids.  M.  de  la  Blanche, 
doctor  of  medicine  of  the  faculty  of  Paris,  has  convert- 
ed this  prefumption  into  certainty,  by  experiments  made 
with  much  care,  and  on  himfelf.  He  took  the  falts  of 
zinc,  formed  by  the  vegetable  acids,  in  a  much  flronger 
dofe  than  the  aliments  prepared  in  copper  velfels  lined 
with  zinc  could  have  contained,  and  he  felt  no  dange- 
ous  effects  from  them.  However,  as  the  objects  which 
intereft  the  health  and  life  of  mankind  cannot  be  treat- 
ed with  too  great  wifdom  and  circumfpcclion,  I  think 
it  prudent,  and  even  necelTary,  not  to  decide  on  this 
fubjedt,  till  a  great  number  of  experiments  are  made  on 
the  nature  of  zinc3  on  the  black  matter  which  is  preci- 
pitated during  its  folution  in  the  acids,  and  which  not 
being  properly  known,  might  contain  fome  hurtful  fub- 
flances ;  and  till,  above  all,  we  know,  by  a  great  num- 
ber of  experiments,  what  may  be  the  action  of  zinc  in 
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its  natural  ftate,  and  of  the  falts,  which  it  forms  with 
the  vegetable  acids  employed  in  our  aliments,  on  the 
animal  ceconomy.  The  German  phyficians  employ  the 
powers  of  zinc  with  fuccefs,  as  antifpafmodic,  in  convul- 
fions  and  epileptic  fits.  We  do  not  make  great  ufe  of 
it  in  France ;  it  appears,  however,  that  this  remedy 
might  be  ufeful,  exhibited  in  pills,  in  the  dofe  of  one 
half  grain  a- day-  I  have  been  told,  that  at  Edinburgh 
it  is  ui'ed  in  much  more  confiderable  quantity,  and  that 
no  fenfible  effect  was  obtained.  This  fact  is  contrary  to 
what  Mi  Gaubius  fays  of  the  emetic  property  of  this 
calx  of  zinc. 

Pompholyx,  tutty,  &c.  are  ufed  as  very  good  defic- 
;  catives  in  difeafes  of  the  eyes. 


LECTURES  XXXI.  XXXlI.  and  XXXIII, 

Of  the  Metallic  Substances. 
Species  8.  Mercury 

"\/TErcury  haS  °Pac,tyand  metallic  brilliancy:  ex- 
1YA  cept  gold  and  piatina,  it  is  the  weightieft  fub- 
itance  that  we  know.  A  cubic  foot  of  very  pure  mer- 
cury weighs  947  libs. ;  it  lofes  ^th  of  its  weight  in  wa- 
iter. As  it  is  conrtantly  fluid,  we  are  not  acquainted 
with  either  its  tenacity  or  its  du&ility;  and  we  are  ftill 
at  a  lofs  to  know  what  rank  to  affign  to  it.  In  facl,  it 
is  volatilized  like  the  femimetals;  it  has  a  kind  of  duc- 
tility as  the  metals  have.  However,  its  enormous  weight, 
its  habitual  fluidity,  its  extreme  volatility,  and  the  {m! 
gular  alterations  which  it  is  capable  of  fufFerine  in  many 
combinations,  occallon  its  being  regarded,  with  proba- 
bility, as  a  particular  fubftance;  which  feems  to  belong 
to  the  metallic  lubftances  only  in  its  brilliancy  its 
weight,  and  its  combuflibility,  and  ought  to  be  ranked 
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feparately.  We  place  its  hiftory  between  that  of  the 
femimetals  and  metals. 

It  was  for  a  long  time  believed  that  mercury  cannot 
lofe  its  fluidity.  But  the  academicians  of  Peterfburgh 
have  proved  the  contrary.  Thefe  learned  men  took  ad- 
vantage of  the  exceflive  cold  in  the  year  1759;  they  alfo 
increafed  the  natural  cold,  by  means  of  fnow  and  fu- 
ming fpirit  of  nitre;  and  by  this  means  brought  the 
mercury  in  Reaumur's  thermometer  down  to  the  125th 
degree,  below  o  (a).  Obferving,  that  at  this  degree  the 
mercury  no  longer  defcended,  thefe  gentlemen  broke 
the  bulb  of  the  glafs,  and  found  the  metallic  fluid  con- 
gealed, forming  a  folid  body,  which  bore  comprcflion  with 
a  hammer.  This  experiment  demonftrates,  that  mer- 
cury, like  all  the  other  metallic  fubftances,  may  become 
concrete ;  that  it  poffeffes  then  a  certain  degree  of  duc- 
tility. We  do  not  know  how  far  this  lad  property  may 
go;  becaufe,  as  foon  as  it  lofes  this  great  degree  of  cold, 
it  refumes  its  fluidity.  M,  Pallas,  who  has  fucceeded  in 
congealing  mercury  by  expofing  it  in  the  open  air,  and 
towards  the  north,  in  the  very  cold  country  which  he 
inhabits,  has  obferved,  that  it  then  refembled  foft  tin; 
that  it  might  be  beat  out  into  laminae;  that  it  was  eafily 
broken ;  and  that  its  parts,  brought  near,  united  again. 

This 

(a)  Later  experiments  have  afcertained,  with  greater  precifion, 
the  degree  of  cold  at  which  quickfilver  congeals.  In  place  of  merely 
expofing  a  mercurial  thermometer  to  cold,  the  mercury  of  which 
was  both  to  congeal  and  indicate  the  degrees  of  its  own  contractions 
at  one  time,  and  thus  to  ferve  two  offices  at  once,  the  mercury  to  be 
frozen  was  put  into  a  fmall  cylindrical  veffel,  to  which  the  cold  was 
next  applied.    The  advantage  of  this  change  was,  to  afford  an  op- 
portunity of  meafuring  the  cold  of  the  furrounding  fluid  mercury, 
when  a  piece  which  had  been  frozen  was  diffolving  by  heat.   In  this 
Ctuation  the  mercury  continues  a  confiderable  time  of  the  fame  tern- 
perature,  and  the  furrounding  fluid  is  very  nearly  equally  cold  with 
what  is  folid.    When  the  experiment  is  conducted  thus,  the  fpirit- 
of-wine  thermometer  is  found  to  ftand  at  the  40th  degree  below  o 
of  Farenheit's  fcale  ;  a  degree  of  cold  which  is  indeed  exceflively  of 
intenfe,  but  far  inferior  to  what  it  was  formerly  fuppofed  to  be,  from 
the  lefs  accurate  mode  of  making  the  trial. 
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This  metal,  then,  is  the  mod  fufible  of  all  thofe  we  are 
acquainted  with :  the  greateft  natural  cold  cannot  ren- 
der it  folid.  It  is  probable,  that  if,  in  the  experiment 
of  Peterfburgh,  the  cold  which  congealed  the  mercury- 
had  been  conducted  by  infenfible  degrees,  this  metallic 
fubftance  would  Have  aflumed  a  crystalline  and  regular 
form.  The  habitual  fluidity  of  mercury  has  occafioned 
its  being  looked  upon  as  a  particular  metallic  water;  and 
it  has  been  called  Aqua  non  madefaciens  manus,  Water 
which  does  not  wet  the  hands.  It  is  true,  that  mercury 
wets  neither  the  hands,  nor  any  of  the  other  bodies 
which  may  be  wet  by  water,  oils,  or  other  liquors :  but 
that  phenomenon  depends  on  this  only,  that  this  metal-, 
lie  fluid  has  no  affinity  with  thofe  bodies ;  for  when  it 
is  in  contact  with  any  of  the  fubflances  to  which  it  can 
unite,  as  gold,  filver,  tin,  &c.  then  it  applies  itfelf  inti- 
mately to  thefe  bodies,  and  wets  them  to  that  degree 
that  they  cannot  be  dried,  except  by  evaporating  the 
mercury  which  is  mixed  with  them. 

Mercury  being  a  fufed  metal,  it  always  affumes  the 
form  of  perfett  globules  when  it  is  divided;  when  it  is 
contained  in  a  bottle,  its  furface  appears  convex.  This 
cfFeft  depends,  both  on  the  little  affinity  which  mercury 
has  with  glafs,  and  on  the  great  attraction  which  endea- 
vours to  draw  its  parts  together :  for  if  we  put  this 
fluid  into  a  metallic  veffel  with  which  it  has  affinity,  then 
its  furface  appears  concave,  like  every  other  fluid,  be- 
caufe  it  combines  with  the  fides  of  the  veflel.  Mercury- 
has  a  tafle  which  the  nerves,  of  the  tafte  cannot  perceive; 
but  which,  however,  produces  a  very  remarkable  effect 
on  the  ftornacb  and  iuteftines,  as  well  as  on  the  furface 
of  the  (kin.  Infefts  and  worms  are  infinitely  more  fen- 
fible,  than  other  animals,  of  this  tafte;  %  that  reafon 
mercury  very  quickly  kills  them,  and  phyficians  employ 
it  as  a  very  excellent  vermifuge.  It  is  alio  on  account 
of  the  property  which  it  pofTeffes  of  curing  the  difcafes 
of  the  hver,  and  fundry  other  maladies  of  the  fkin,  that 
learned  men  have  thought  that  thofe  difcafes  were  pro- 
2  duced 
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duced  by  the  prefence  of  certain  infects  which  penetra- 
ted the  texture  of  this  organ.  But  this  opinion  has  not 
been  generally  adopted,  although  feveral  naturalifts  have 
defcrihfd  the  worm  of  the  gall. 

Mercury  rubbed  for  fome  time  between  the  fingers 
emits  a  flight  particular  odour.  When  very  pure,  and 
when  it  is  agitated,  we  fometimes  obferve,  and' particu- 
larly in  the  pot  feafons,  that  it  fhines  with  a  very  fen- 
fible  phofphoric  light:  this  phenomenon  has  been  ob- 
ferved  in  the  mercury  of  the  barometer  by  feveral  na- 
tural philofophers.  If  we  plunge  the  hand  into  this  me- 
tallic fluid,  we  feel  a  cold,  which  would  feem  to  mow 
that  it  is  of  a  colder  temperature  than  the  atmofpheric 
air  j  at  the  fame  time,  by  plunging  a  thermometer  into 
it,  we  are  immediately  convinced  that  it  is  of  the  fame 
temperature  with  the  atmofphere.  This  effect,  which 
deceives  us,  and  which  entirely  proceeds  from  our  fen- 
fibility,  mould  it  depend  on  the  enormous  weight  of 
this  metallic  fubftance?  or  rather  on  this,  that  it  acce- 
lerates the  evaporation  of  the  fluid  which  continually 
iffues  through  the  pores  of  the  fkin? 

Mercury,  divided  by  means  of  a  rapid  and  continual 
motion,  as  that  of  a  mill  wheel,  gradually  changes  itfelf 
into  a  very  fine  black  powder,  called  athiops  per  fe  on 
account  of  its  colour.  In  this  experiment  the  mercury 
fuffers  no  alteration;  and  by  a  flight  heat,  or  trituration, 
it  may  be  made  to  affume  its  ordinary  fluidity  and  me- 
tallic brilliancy. 

Mercury  is  not  very  abundant  in  nature:  it  is  found 
in  the  earth,  either  in  a  pure  ftate,  pofleffed  of  all  its 
properties;  or  combined  with  fulphur  and  fome  other 
metallic  matters  ;  then  it  is  mineralized  by  thefe  fub- 
ftances. 

Flowing  mercury  is  found  in  globules,  or  in  confi- 
derable  mafies,  in  earths  or  in  foft  {tones;  and  molt  fre- 
quently it  is  interpofed  in  ores.  It  is  generally  with  ful- 
phur that  mercury  is  combined  :  then  it  forms  a  com- 
pound known  by  the  name  of  cinnabar.    This  mineral 
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ftibftance  is  red,  and  has  in  no  degree  the  metallic  af- 
pett  ;  although  the  fulphur  found  in  it  is  in  fmall  pro- 
portion to  the  mercury,  becaufe  the  combination  of 
thefe  two  fubftances  is  very  complete.     Cinnabar  is 
found  in  the  duchy  of  Deux  Ponts,  in  the  Palatinate, 
Hungary,  Frioul,  in  Spain  at  Almaden,  and  in  South 
America,  particularly  at  Guamanga  in  Peru.  It  is  fome- 
times  in  a  compact  mafs,  wtiofe  colour  varies  from  the 
pale  red  to  the  deep  red  and  blackifh,  fometimes  in 
tranfparent  cryftals  of  the  colour  of  rubies.    It  is  called 
native  vermilion,  or  cinnabar  in  flowers,  when  it  is  in  the 
form  of  a  red  powder,  very  brilliant.    Laftly,  we  find 
it  difperfed  in  different  earths,  in  felenite,  mixed  with 
iron,  pyrites,  and  filver.    M.  Cronftedt,  in  his  Minera- 
logy, fpeaks  of  a  mineral  of  mercury,  in  which  this  fub- 
ftance  is  united  to  arfenic  and  copper.   This  mineral  is 
in  cryftals  of  a  grey  yellowilh  colour,  very  like  the  cry- 
ftals of  the  grey  mineral  of  filver,  from  which  it  differs 
but  very  little ;  it  is  exceedingly  rare.   The  fame  mine- 
ralogift  afferts,  that  fome  mercury,  amalgamated  'with 
pure  filver,  was  fometimes  found  in  the  mine  of  Sahl- 
beri?  in  Sweden. 

M.  Rome  de  Lifle  had  in  his  cabinet  a  bit,  which  he 
fuppofed  to  be  of  this  kind.  The  different  ftates  in 
which  mercury  appears  in  the  bowels  of  the  earth,  may 
be  reduced  to  the  following  varieties. 

State  i.    Native  Mercury. 
Difperfed  among  earths  and  itones,  and  moft  often  in 
its  own  mines. 

State  2.  Mercury  mineralized  by  Sulphur.  Cinnabar. 

Varieties. 

I.  Tranfparent  cinnabar,  red,  and  cryftallized  in  tri- 
angular very  fliort  prifms,  terminated  by  triangular 
pyramids. 

s.  Red  tranfparent  cinnabar,  in  oftaedral  cryftals, 
formed  of  two  triangular  pyramids,  united  by  their 
bafes,  and  truncated. 

1  3.  Solid 
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3.  Solid  cinnabar,  compact,  of  a  brown  red,  or  of  a 
clear  red.    It  is  fometimes  formed  of  leaves. 

4.  Red  cinnabar,  difpofed  in  flriae^  upon  a  ftony 
matrix,  or  upon  folid  cinnabar.  It  is  fometimes 
needled  like  cobalt. 

5.  Cinnabar  in  flowers,  native  vermilion.  This  is  a 
cinnabar  of  a  red  brilliancy,  like  fattin,  which  ad- 
heres to  different  matrixes  in  the  form  of  a  very 
fine  powder:  it  is  fometimes  cryftallized  in  needles, 
and  then  it  much  refembles  the  preceding. 

,     State  3.    Saline  Mercury. 

1.  Horned  mercury,  or  mild  native  mercury.  This 
mineral  was  difcovered  at  Mufchel-Landfberg  in 
the  duchy  of  Deux  Ponts.  It  is  generally  depofi- 
ted  in  an  ore  of  iron  mixed  with  earth,  in  the 
form  of  prifmatic  cryftals,  with  four  fides,  termina- 
ted by  three-fided  pyramids.  Its  colour  varies  as 
well  as  its  tranfparency ;  it  is  white,  grey,  or  green- 
ifh.  M.  Sage  looked  upon  it  as  a  true  combina- 
tion of  mercury  with  marine  acid,  analogous  to 
fvveet  mercury,  with  which  he  found  it  to  have 
much  refemblance  in  form,  infipidnefs,  volatility, 
&c. 

2.  Dark  horned  mercury.  This  mineral  is  in  irregu- 
lar maftes,  heavy  and  folid  ;  we  .do  not  well  know 
its  nature :  the  fire  deeompofes  it  without  addition, 
and  difengages  from  it  running  mercury. 

State  4.    Mercury  combined  ivith  the  Metals.  Natural 

Amalgams. 

There  was  found  at  Mufchel-Landfberg,  an  amalgam 
of  filver  which  contained  one-third  of  mercury. 
Hereafter,  perhaps,  this  metallic  fluid  will  be  found 
in  mines  united  with  other  metals. 
To  know  when  an  ore  contains  mercury,  it  is  pound- 
ed, and  mixed  with  lime  and  the  alkalis.    It  is  laid  on  ■ 
a  hot  brick,  and  covered  quite  over  with  a  veflel;  the 
mercury  is  reduced  into  vapours,  and  is  condenfed  on 
the  fides  of  the  veflel.    If  we  wilh  to  know  the  quan- 
tity 
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tity  of  mercury  contained  in  it,  after  having  pulverized 
and  wafhed  it,  we  diftill  it  with  matters  capable  of  fei- 
zing  on  the  fulphur  and  feparating  the  mercury.  We 
take  care  to  put  fome  water  into  the  recipient,  in  order 
to  collect  the  mercury  at  the  bottom  of  this  fluid.  By 
taking  the  exact  weight  of  the  mineral  before  eflaying, 
and  the  mercury  we  obtain  by  diftillation,  we  compute 
the  quantity  which  it  can  furnifh. 

The  pure  mercury  is  eafily  feparated,  by  grinding  the 
flones  with  which  it  is  mixed,  and  wafhing  them  in  wa- 
ter; the  mercury  precipitates,  and  the  water  draws  off 
the  earth :  it  is  in  this  way  extracted  from  the  mines  of 
Idria  in  Frioul.  We  do  not  roaft  the  cinnabar,  becaufe 
being  volatile  it  would  be  diffipated  by  the  fire;  but  as 
nature  has  almoft  always  mixed  it  with  a  calcareous  or 
martial  fubftance,  this  fubftance  becomes  a  proper  in- 
termedium for  f^^mpofing  the  cinnabar  by  means 
of  fire. 

In  the  Memoirs  of  the  Academy  in  the  year  1779^ 
I  M.  de  Juffieu  has  defcribed  the  work  which  was  erect- 
I  ed  at  Almaden  in  Spain  for  extracting  mercury  from 

cinnabar.  This  mineral  contains  fome  iron  and  a 
!  little  calcareous  (tone:  it  is  put  into  furnaces  in  the 
[  form  of  a  reverberatory  furnace;  thefe  furnaces  are 
I  heated  by  putting  combuftible  matter  into  the  afh-pan. 
I  The  furnace  has  no  aperture,  but  eight  holes  made  at 
I  its  pofterior  part :  to  every  one  of  thefe  holes  a  line  oi 
t  aludels  is  adjufted  ;  the  laft  of  which  reaches  to  a  fmall 
j  fupport  fufficiently  diftant  frqm  the  fire.  Between  the 
i  furnace  and  the  fupport,  where  the  aludels  terminate, 

there  is  a  fmall  terrafs  level  with  the  openings  of  the 
!  furnace  and  thofe  of  the  fupport.  This  terrafs  forms 
f  two  inclined  planes,  and  lupports  the  aludels:  if  any 
f  crevice,  not  well  fecured,  allow  the  mercury  to  efcape,  it 
j  is  collected  in  the  jundion  of  the  inclined  planes  of  the 
■  terrafs.    When  the  fire  is  applied  to  the  cinnabar,  the 

iron  and  calcareous  (tone  abforb  the  fulphur,  the  arer-i 

cury  being  reduced  into  vapours  paffes  into  the  aludels, 
VoL- 1  F  f  and 
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and  reaches  the  fmall  fupport.  After  the  diflillation,  ail? 
the  aludels  are  carried  into  a  fquare  chamber  to  be- 
emptied,  and  to  reunite  the  mercury  in  a  hollow 
made  in  the  middle  of  this  chamber,  whofe  bottom  is 
inclined,  Hoping  towards  this  fmall  hollow. 

M.  de  Juffieu  has  obferved,  that  the  mines  of  cin- 
nabar emitted  no  deftruftive  exhalation  to  vegetables, 
and  that  the  places  around  and  above  the  mines  of 
Almaden  were  very  fertile.    He  has  likewife  obferved 
the  working  of  this  mine  was  not  hurtful  to  the  workers, 
as  had  been  fuppofed :  that  thofe  who  work  in  the' 
infide  of  the  mines,  as  the  Haves,  are  alone  fubjecT:  to 
fatal  difeafes ;  becaufe  the  fire,  which  they  are  forced  \ 
to  kindle,  volatilizes  a  portion  of  the  mercury,  and 
they  are  continually  immerfed  in  a  mercurial  vapour. 
In  the  Memoirs  of  the  Academy  for  the  year  1776,  J 
M.  Sage  has  defcribed  the  procefs  which  is  employed. ; 
in  the  Palatinate  for  extracting  the  mercury  from  cin- 
nabar.     The  furnace  is  a  room  containing  48  re- 
torts of  caft  iron   an  inch  thick,   three  feet  nine 
inches  long,  and  containing  about  60  lib.  of  mat-J 
<  ter.    Thefe  retorts  are  fixed  to  the  furnace :  we  put 
into  it,  with  iron  fpoons,  a  mixture  of  three  parts  of  the  j 
mineral,  well  rubbed,  with  one  of  flacked  lime:  then 
heat  is  raifed  with  peats,  which  are  introduced  into  the 
two  extremities  of  the  furnace  ;  the  fides  of  which  are 
pierced  with  feveral  holes,  which  increafe  the  currents  ' 
of  air,  and  make  the  fuel  burn.    The  mercury  is  vo- 
latilized by  means  of  the  reaction  of  the  lime  on  the  ] 
fulphur ;  it  is  collected  in  earthen  receivers,  adapted  torfl 
the  retorts,  and  filled  one-third  with  water.    This  ope^  J 
ration  continues  10  or  11  hours.  The  mercury  extracted'  . 
or  revived  from  the  cinnabar  is  very  pure,  and  dees  not 
contain  a  heterogeneous  particle.    Very  little  is  to  be 
found  of  this  purity  in  commerce;  all  that  which  is  fold 
by  the  merchants  is  more  or  lei's  mixed  with  lead  or  tiny 
it  appears  a  little  dull,,  in  place  of  being  divided  into 
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globules ;  when  it  flows  it  is  flattened,  and  feems  to 
confifl  of  feveral  points. 

Mercury  feems  to  fuffer  no  alteration  from  the  light. 
It  is  one  of  the  fluid  fubftances  which  is  mod  quickly 
and  regularly  heated,  that  is,  the  degree  of  whole  dila- 
tation is  the  molt  conftant,  as  M.  Bucquet  and  Lavoifier 
have  demonftrated,  in  their  inquires  into  the  different 
degrees  of  heat  in  different  fluids,  read  to  the  Academy 
of  Sciences.  This  phenomenon  fhows  that  mercury  is 
the  molt  proper  fluid  to  mark  the  degrees  of  heat  exact- 
ly, and  to  form  the  molt  accurate  thermometers. 

This  metallic  fluid  expofed  to  fire  in  clofe  velTels  boils 
like  liquids.  This  property  is  not  particular  to  it; 
filver,  gold,  and  feveral  other  metals,  have  the  fame 
property.  It  is  true,  that  as  mercury  is  more  fufible 
than  any  other,  it  boils  fooner,  and  a  long  time  before 
it  is  red.  The  ebulition  is  nothing  elfe  but  its  paflage 
from  fluidity  to  the  fbte  of  vapour.  This  vapour, 
which  is  very  evident  in  the  form  of  a  white  fume, 
leflening  the  tranfparency  of  the  veflels  into  which 
it  is  received,   is  condenfed  by  co^d  into  drops  of 

1  mercury,  which  has  fuffered  no  lofs  nor  any  alteration, 
when  it  is  diflilled  with  care.  Mercury,  therefore,  is 
a  very  volatile  fubftance,  which  may  be  diflilled  like 

i  water,  and  hence  approaches  to  the  femi-rnetals. 

Boerhaave  diflilled  the  fame  quantity  of  mercury  500 

j  times  fucceflively :  it  was  not  altered  in  any  degree,  it 
only  appeared  to  him  a  little  more  brilliant,  heavy,  and 
fluid,  which  furely  depended  only  on  a  very  complete 

.purification.  In  this  diflillation  he  obtained  a  fmall 
quantity  of  a  grey  powder,  which  was  juft  mercury  very 
much  divided,  and  only  required  trituration  to  become 
fluid  and  brilliant  :  it  was  a  little  aethiops  per  Je. 

Diftillation  is  a  means  of  purifying  mercury  and  of 

j  Separating  the  fixed  metals,  by  which  that  in  commerce 
is  ordinarily  adulterated  :  we  find  in  the  retort  the  ' 

1  foreign  metal  in  a  brilliant  cruft  in  fome  places,  and 
in  a  blacki/h  in  others.    By  weighing  this  refiduum, 

F  f  2  we 
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we  know  the  quantity  of  matter  which  adulterated  the 
mercury. 

The  extreme  weight  of  mercury  has  made  chemifts 
believe  that  it  contained  a  great  quantity  of  the  pure 
earthy  principle  or  vitrefiable  earth  :  but,  on  the  other 
hand,  this  principle,  when  it  predominates  in  bodies, 
gives  them  folidity ;  and  mercury,  on  the  contrary,  is 
very  fufible:  the  earthy  principle  is  eminently  fixed, 
and  mercury  is  very  volatile.  Thefe  qualities,  which 
appear  contrary,  induced  Beccher  to  admit  in  this  fluid 
a  particular  earth,  which  he  called  mercurial  earth ;  to 
which  he  attributed  its  weight  and  volatility.  According 
to  this  chemift,  then,  mercury  was  a  compound  of  thefe 
three  earths,  the  vitrefcent,  the  inflammable,  and  mercu- 
rial earths.  Noperfon  has  yet  demonftrated  theexiftence 
of  the  Iaft  in  any  body;  and  we  ought  to  confider  this  opi- 
nion only  as  an  affertion  deftitute  of  proof.  Mercury  ap- 
pears to  us,  like  all  the  other  metallic  fubftances,  a  fimple 
combuftible  body,  which  never  has  been  feparated  into 
different  principles.  With  refpecl  to  the  vitrefcent  earth, 
whofe  properties  have  been  examined  in  the  beginning 
of  this  work,  we  think  we  cannot  admit  it  in  mercury 
more  than  in  the  other  metals,  fmce  as  yet  no  fimilar 
principle  has  been  feparated  from  it.  What  Beccher 
and  Stahl  gave  this  name  to  in  mercury,  and  in  the  other 
metallic  fubftances,  is  nothing  but  a  fimple  earthy  body, 
as  we  have  already  faid  in  fpeaking  of  the  metallic  calces 
in  general. 

Mercury,  reduced  into  vapour,  has  a  confiderable  ex- 
panfive  force,  and  is  capable  of  producing  great  explo- 
fions,  when  it  is  clofe  (hut  up.  M.  Hellot  related  to  the 
academy,  that  a  particular  perfon  being  defirous  to 
fix  mercury,  put  a  certain  quantity  of  it  into  an  iron 
pan,  very  well  foldered  :  he  put  this  pan  into  the  mid- 
dle of  a  ftrong  fire  ;  but  it  was  fcarce  red,  when  the 
mercury  burft  in  pieces  its  covering  with  a  confiderable 
roife,  and  was  entirely  loft:.  M.  Baume,  in  his  Experi- 
mental Chemiftry,  Vol.  II.  p.  393,  relates  a  fadl  very 
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nearly  fimilar,  of  which  M.  Geoffroy  the  apothecary 
was  a  witnefs. 

Mercury,  heated  with  the  contact  of  air,  in  a  few 
months  is  changed  into  an  earthy  red  brilliant  pow- 
der, difpofed  in  fmall  fcales.    This  powder,  which  has 
no  longer  the  metallic  afpeft,  is  a  true  mercurial  calx. 
The  alchemifts,  who  believed  that  mercury  is  fixed  in 
this  experiment,  improperly  called  it  mercurius  precipi- 
tates per  fe.    As  mercury  is  very  volatile,  and  at  the 
fame  time  requires  the  concurrence  of  air  to  be  cal- 
cined, for  this  operation  a  very  commodious  inftru- 
ment  has  been  conftructed  Mr  Boyle.    It  is  a  very 
large  and  flat  cryftal  veffel :  the  mercury  is  put  into  it, 
which  forms  a  thin  bed,  and  confequently  prefents  a 
large  furface,    The  ftopper,  which  accurrately  fits  the 
neck  of  the  veffel,  is  a  cryftal  cylinder,  pierced  with 
a  capillary  funnel :  the  veffel  is  placed  on  a  fand-bath  ; 
the  mercury  is  heated  till  it  boil  ;  the  opening  of  the 
cylinder  is  fo  made,  that  the  air  has  accefs  into  the 
veffel  without  allowing  the  mercury  to  be  diffipated. 
After  it  has  digefted  fome  months,  we  feparate  the  calx, 
which  is  formed  at  the  furface  of  the  mercury.    For  this 
purpofe,  we  throw  the  whole  upon  fine  linen  ;  the  mercury 
paffes  through  by  preffure,  and  the  red  calx  remains  in 
the  cloth. ^  With  as  much  fuccefs  we  may  make  ufe  of  a 
matrafs  with  a  flat  bottom,  into  which  we  put  enough 
of  mercury  to  form  a  fmall  bed :  we  by  means  of  a 
lamp  draw  the  neck  of  the  matrafs  into  a  capillary  tube, 
and  break  off  the  point.    By  this  method,  mentioned 
by  M.  Baume,  we  make  a  veffel  more  proper  for  the 
calcination  of  mercury,  becaufe  it  contains  more  air  : 
ft  is  alfo  more  eafily  heated,  lefs  troublefome,  and  lefs 
lubjeft  to  be  broken  than  the  veffel  of  Boyle.  In  order, 
that  this  experiment  may  fucceed,  we  muft  keep  the  mer- 
cury m  a  boiling  heat  night  and  day :  by  putting  feverai 
matraffcs  on  the  fame  land-bath,  we  obtain  a  great 
quantity  of  precipitate  perfe;  and  we  may  even  obtain 
a  certain  quantity  in  15  or  20  hours. 

F  f  3  Per. 
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Precipitate  per  fe  is  a  true  calx  of  mercury,  or  a  com- 
bination of  it  with  air.  When  we  heat  it,  it  attracts  the 
pure  air  contained  in  the  atmofphere,  and  forms  with 
it  this  red  powder.  What  proves  it  in  a  convincing 
manner  is  this  :  i.  We  can  never  reduce  it  into  pre°- 
cipitate  per  fe  without  the  contact  of  the  air:  2.  This 
combination  can  only  be  formed  with  pure  air,  and 
never  happens  with  the  different  gafes,  which  are  not 
the  pure  air  :  3.  Mercury  in  this  experiment  increafes  in 
weight  :  4.  By  heating  it  in  clofe  veffcls,  it  is  entirely 
reduced  to  the  ftate  of  flowing  mercury,  and  at  the 
fame  time  it  difergages  a  great  quantity  of  air;  in  which 
combuftible  bodies  burn  four  times  more  rapidly  than 
in  atmofpheric  air,  and  which  M.  Prieftley  called  de- 
phlogijllcated  air.  In  this  reduction  the  mercury  lofes 
the  weight  it  had  acquired  in  calcination.  This  laft 
fact*  joined  to  the  phenomena  of  the  calcination  re- 
lative to  the  neceffity  and  the  diminution  of  the  air  in 
this  operation,  is  what  has  induced  modern  chemifts 
to  believe,  from  an  analogy  as  well  founded  as  any 
eftablimed  in  phyfics,  that  the  metallic  calxes  are  only 
combinations  of  the  metals  with  air.  As  the  precipitate 
per  fe  may  be  very  well  annalized  by  heat,  and  as  it 
feparates  into  two  principles,  pure  air  and  flowing  mer- 
cury, we  fee  how  much  light  this  elegant  experiment 
throws  on  the  pneumatic  theory,  and  how  greatly  it 
favours  it.  The  combination  of  air  and  of  mercury  is 
therefore  not  very  ftrong,  fince  it  may  be  deftroyed  by 
the  action  of  the  fire.  Precipitate  per  fe  is  reduced  by 
heating  it  in  veflels  accurately  ftopt :  if  it  is  in  contact 
with  the  air,  it  remains  in  the  Rate  of  a  calx,  as  it  always 
finds  in  the  atmofphere  the  body  with  which  it  can 
unite,  and  which  alone  is  able  to  calcine  it.  For  this 
reafon  Baume  maintained,  that  precipitate  per  fe  was 
irreducible;  that,  on  the  contrary,  itfublimed  inreddifh 
cryftals  of  a  ruby  colour  :  whilft  M.  Cadet  pretended, 
that  all  the  precipitates  per  fe  could  equally  be  reduced 
into  flowing  mercury.    M.  Macquer  has  proved,  by  an 

in- 
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ingenious  explanation,  correfponding  with  facls,  that 
both  thefe  chemifts  were  in  the  right;  and  that  ii  the 
•calx  of  mercury  was  heated  in  contact  with  the  air,  it 
was  entirely  fublimed,  and  even  could  be  fufed  into  a 
glafs  of  the  fmelt  colour,  as  has  been  laid  by  Dr 
Keir,  a  learned  Scotch  chemift,  in  his  tranfkuion  of  the 
Chemical  Dictionary  ;  whilft  the  fame  calx,  capable  of 
fubliming  when  in  contact  with  the  air,  is  reduced  into 
flowing  mercury,  and<aftords  pure  air,  if  ftrongly  heat- 
ed in  clofe  vefTels 

F  f  4  Mercury 

*  It  \t  known  mercury  may  be  d Tcilltd,  like  other  fimple  fluids, 
without  undergoing  any  change  from  the  diftillation.  Neither  does 
mercury  fufler  arty  alteration  from  a  digeftion  of  fifteen  years 
con ti runner,  as  we  learn  from  an  experiment  of  Dr  Boerhaave. 
We  are  not,  however,  to  conclude  from  thefe  fadls,  that  pure 
mercury  is  totally  incapable  of  change  from  the  a&ion  of  heat.  It 
is  true,  that  if  the  heat  be  too  great,  the  mercury  will  rife  in  va- 
pours;  or  if  too  gentle,  it  will  remaine  unaltered  :  but  if  the  heat 
be  at  an  intermediate  degree,  at  a  degree  juft  below  what  is  fiifE- 
cicnt  to  diftill  the  mercury,  we  then  perceive  its  effect.  The 
furtace  of  the  me.rcury  is  firlt  covered  with  a  greyifh  powder,  which 
then  turn9  yellow,  and  afterwards  red.  The  heat  is  fome  weeks  of 
beginning  to  produce  the  grey  powder,  and  muft  continue  fome 
months  before  any  confiderable  quantity  of  mercury  can  be  con- 
verted into  the  red  one.  This  red  powder,  exoofed  fnddently  to  a 
ilrong  heat,  without  addition,  fublimcs  in  the  form  of  reddifh 
•chryfhis;  but  if  the  heat  be  fornewhat  lower,  it  will  foon  recover 
its  phlogifton,  a-nd  become  running  mercury.  This  phenomenon 
bas.puz7.led  the  chemiils  to  explain,  in  a  fatisfa&ory  manner,  and  to 
point  out  cU-aily  the  way  in  which  it  is  revived.  M.  Baron  con- 
jectures the  mercury  attracts  faline  particles  from  the  air  with 
which  it  unit<s,  and  forms  this  fubttance.  The  theory  of  M.  La- 
voifier  and  1  is  followers  fo  far  correfponds  with  this,  a3  to  pretend 
-this  calx  to  be  a  combination  of  the  pure  air,  which  the  atmofphrre 
always  contains,  with  the  mercury  ;  and  that  the  aftion  ofrhe  heat  is 
to  expel  this  air  again.,  and  Leave  the  mercury  uncombined.  M.  Baome 
explained  the  revival  of  the  calx,  upon  the  fuppofuion  of  the  phlo- 
gitton  paffing  from  the  coals  through  the  bottom  of  the  land  pot 
and  retort.  Mr  Schecrle  fays,  that  no  pure  phlogillon  could  pafs 
jn  this  manner  ;  and  therefore  it  mutt  be  derived  from  fomet hing 
which  we  know  pafll-s  for  certain  :  we  know  that  heat  paffess 
this  heat,  then,  is  decompofed  by  the  attrition  of  tire  nvrcurial 
•tlx  for  the  phlogifton',  and  the  pure  air  efcapee  uncombined. 
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Mercury  is  not  changed  by  the  air  ;  we  only  obferve 
that  it  is  tarnifhed  by  the  molecules  of  duft  which  the 
air  carries  along  with  it ;  and  which,  by  being  depofited 
on  its  furface,^  diminifh  its  brilliancy.  From  this,  mer- 
cury has  alfo  been  called  the  magnet  of  duft :  'but  it- 
appears  that  all  bodies  have  this  property,  and  that 
it  is  only  uncommonly  perceptible  in  this  metal 
from  its  brilliancy.  In  other  refpects  it  is  nowife  al- 
tered; and  it  is  fufficient  to  filtrate  it  through  fhamoy 
to  feparate  it  from  its  impurities,  and  reftore  all  its 
Juftre. 

Mercury  does  not  appear  to  diffolve  in  water  ;  how- 
ever, phyficians  are  in  the  practice  of  fufpending  a  rag 
full  of  it  in  vermifuge  ptifans  during  their  ebullition. 
Experience  has  alfo  evinced  the  good  effects  of  this 
practice.  Lemery  fays,  that  mercury  does  not  lofe  any 
of  its  weight  in  this  decoction.  It  is  probable,  that 
there  iffues  from  mercury  a  principle,  without  doubt, 
analogous  to  fmell,  fo  volatile  and  fubtle  that  its  weight 
cannot  be  known  on  account  of  its  extreme  tenuity  : 
it  is  this  principle  which  communicates  to  water  the  an- 
thelmintic virtue.  Mercury  does  not  unite  with  the 
earths  more  than  the  other  metallic  fubftances  do :  per- 
haps its  red  calx  or  precipitate  per  fe  might  be  fixed 
in  glaffes,  and  colour  them,  as  we  have  obferved  is  done 
by  the  calx  of  arfenic.  We  do  not  know  the  action  of 
magnefia,  lime,  and  the  alkalis  upon  it  *. 

The  vitriolic  acid  does  not  act  on  this  fubftance,  un- 
lefs  it  is  very  concentrated.  To  make  this  folution,  we 
put  into  ajglafs  retort  one  part  of  mercury,  and  one  and 

a 

*  The  fixed  and  volatile  alkalis  do  not  acl,  or  but  infenfibly,  on 
mercury,  in  its  metallic  Mate  ;  but  they  dilTolve  pretty  eafily  its  preT 
cipitates.  Thus  when  a  folution  of  mercury,  with  more  acid  than 
is  necefTary  to  diffolve  it,  is  poured  into  an  alkaline  folution,  the  pre- 
cipitate, which  is  at  firft  formed  upon  their  admixture,  will  be  prefeot- 
ly  rediflblved,  and  will  difappear.  In  this  way  a  very  large  portion 
of  mercury  may  be  diflolved  by  the  volatile  alkali.  Applied  alfo 
to  dry  prepared  precipitates,  the  alkalis  take  up  a  confiderable 
quantity. 
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a  half  or  two  parts  of  oil  of  vitriol :  we  apply  heat,  when 
brifk  effervefcence  is  gradually  excited  ;  the  furface  of 
the  mercury  becomes  white  ;  a  powder  of  the  fame  co-* 
lour  is  feparated  from  it,  which,  on  mixture,  makes  the 
acid  turbid.  A  great  quantity  of  fulphureous  gas  is 
difengaged,  and  may  be  collected  above  mercury.  This 
is  the  procefs  for  obtaining  this  gas,  as  we  have  already 
obferved  in  fpeaking  of  the  vitriolic  acid.  There  pafles 
over  alfo  a  portion  of  water  impregnated  with  this 
gas,  and  in  the  ftate  of  volatile  fulphureous  acid. 
When  we  urge  this  diftillation  till  there  pafs  no  more 
fulphureous  acid,  we  find  in  the  bottom  of  the  retort  a 
white,  opaque,  very  cauftic  mafs,  which  weighs  a  third 
more  than  the  mercury  employed,  and  attracts  a  little 
humidity  from  the  air.  The  greateft  part  of  this  mafs 
is  a  calx  of  mercury  united  with  a  fmall  quantity  of 
vitriolic  acid.  This  matter  is  very  fixed,  according  to 
Kunckel,  Macquer,  andBucquet.  In  this  operation  the 
oil  of  vitriol  has  been  decompofed.  The  mercury,  which, 
is  a  combuftible  fubftance,  unites  with  the  pure  air 
contained  in  this  acid,  and  difengages  from  it  the  ful- 
phureous gas  and  water.  It  ought  therefore  to  be  in 
the  ftate  of  a  calx,  and  to  have  much  more  fixity  than 
flowing  mercury.  A  portion  of  this  vitriolic  mercurial 
mafs  is  foluble  in  water :  when  we  add  a  great  qaantity 
of  this  fluid,  it  dilutes  the  mafs,  and  allows  a  white 
powder  to  be  precipitated  if  the  water  is  cold  ;  if  we 
employ  boiling  water,  the  powder  affumes  a  fine  bril- 
liant yellow  colour,  the  more  lively  as  we  pour  on  more 
water,  and  the  water  is  more  warm.  The  name  of  tur- 
bith  mineral,  or  yellow  precipitate,  was  very  anciently 
given  to  this  matter.  We  decant  the  water  employed 
to  wafh  it :  we  pour  on  the  turbith  a  new  portion  of* 
boiling  water,  and  it  becomes  of  a  more  brilliant  yel- 
low :  it  is  again  warned  with  a  third  water,  in  order  to 
carry  off  all  the  vitriolic  acid  which  it  contains.  In 
this  ftate  it  has  no  more  tafte ;  it  is  a  mercurial  calx, 
which,  urged  with  the  fire  in  a  retort,  becomes  of  a  red 
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colour  like  precipitate  per  fe,  and  is  reduced  into  flow- 
ing mercury,  giving  over  a  great  quantity  of  pure  air. 
Kunckcl  publifhes  this  experiment  :  it  fucceeded  with 
M.  Monnet,  Bucquet,  and  Lavoifier,  who  have  followed 
him  in  all  his  details.  1  have  repeated  it  feveral  times 
with  fuccefs.  It  proves,  as  we  have  obferved,  that  the 
vitriolic  acid  is  formed  of  fulphureous  gas,  water  and 
pure  air ;  but  it  requires  a  very  violent  fire  for  its  re- 
duction. Perhaps  Baume  did  not  heat  it  fufficiently  fo 
as  to  obtain  mercury  ;  and  for  that  realon  he  announces, 
that  it  cannot  refume  its  metallic  form  without  the  ad- 
dition of  phlogifticated  or  combuftible  matter.  By 
continuing  to  heat  the  vitriolic  mercurial  mafs  in  the 
fame  retort  in  which  it  was  diffolved,  without  unluting 
it,  and  without  wafting  the  mafs  to  carry  off  the  por- 
tion of  acid,  the  calx  is  likewife  decompofed  :  at  fir  ft  it 
acquires  a  red  colour,  and  is  then  reduced  into  flowing 
mercury,  in  proportion  as  it  returns  the  air  which  it 
had  taken  from  the  vitriolic  acid. 

The  water  which  has  been  poured  on  the  white  vi- 
triolic mercurial  mafs,  is  charged  with  the  acid  which 
was  formerly  contained  in  it.  But  as  the  calx  of  mer- 
cury is  very  foiuble  in  the  vitriolic  acid,  this  faline  fub- 
ftance  always  carries  along  with  it  fome  of  the  calx  ; 
fo  that  the  water  keeps  in  folution  a  true  vitriol  of 
mercury.  By  evaporating  it,  the  fait  is  depofited  in 
fmall  needles,  whofe  form  we  cannot  determine,  be- 
caufe  they  are  foft  and  very  deliquefcent.  By  putting 
boiling  water  on  thefe  cryftals  of  vitriol  of  mercury, 
they  become  yellow,  and  in  the  ftate  of  turbith  mine- 
ral; becaufe  the  water  feparates  the  acid  from  it,  which 
has  little  adhefion,  and  leaves  the  calx  pure.  The  fame 
thing  happens  after  we  have  flrongly  evaporated  the 
firft  ley  of  the  mercurial  mafs:  if  we  dilute  it  with  much 
boiling  water  inftead  of  cryftallizing  it,  a  yellow  powder 
precipitates  in  the  ftate  of  a  true  turbith.  It  cold 
water  is  ufed,  the  precipitate  is  white ;  but  it  fuflices 
to  pour  again  boiling  water  on  this  white  precipitate, 
z  to 
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to  make  it  refume  the  yellow  colour.  Thus  at  plea- 
i'ure  we  may  render  the  folution  of  the  calx  of  mercury 
liable  or  not  liable  to  be  decompofed  by  water :  for  this 
purpofe  it  is  fuffieient  to  evaporate  it  ftrongly,  or  to  im- 
pregnate the  acid  with  all  the  calx  it  is  able  to  diflblve  ; 
then  the  union  of  thefe  two  bodies  is  eafily  deftroyed  by 
water  :  if  we  add  to  it  a  little  acid,  it  is  not  precipitated 
by  the  water.  I  am  convinced  of  this  truth  by  di  Sol- 
ving t-urpeth  mineral  well  warned  in  the  weak  fpirit  of 
vitriol.  This  folution  is  not  overcharged  with  mer- 
cury, and  it  is  not  precipitated  by  water.  But  if  wc 
make  this  acid  diflblve  all  it  can  of  the  turbith,  by 
means  of  heat,  as  in  adding  the  turbith  till  it  refufe  to 
diflblve  any  more  ;  then  this  folution  poured  into  cold 
water,  forms  a  white  precipitate  ;  or  if  into  a  warm,  a 
yellow.  If  in  this  Hate  we  add  to  it  a  Little  fpirit  of  vi- 
triol, the  precipitation  ceafes.  The  white  calx  which  the 
vitriol  oi  mercury,  ftrongly  impregnated,  when  poured 
into  water,  dcpofites,  is  very  foluble,  and  may  be  made 
to  difappear  by  adding  a  little  fpirit  of  vitriol.  The 
combination  of  vitriolic  acid  and  of  mercury  may  be  de- 
eompofed  by  magnefia  and  lime,  which  precipitate  it 
yellow.  The  fixed  alkalis  fcparate  a  calx  of  mercury 
very  nearly  of  the  fame  colour  :  the  volatile  cauftic  al- 
kali precipitates  very  [lowly,  and  very  little  of  the  vitriol 
of  mercury.  We  mould  obferve,  that  thefe  precipitates 
of  mercury  vary  in  colour  according  to  the  /fate  of  the 
folution,  and  according  to  the  precipitating  fubftance  ; 
jjpic  the  fame  reafon  the  quantity  is  very  different.  The 
precipitates  are  very  copious  when  the  folution  is  ftrong: 
on  the  contrary,  if  we  decompofe  a  folution  which  is  not 
Saturated  with  mercury,  every  tuft  of  calx  which  is 
thrown  down  by  the  precipitant,  is  redifolved  by  the  fu- 
perabundant  acid  ;  when  this  excefs  of  acid  is  faturated, 
the  precipitate  is  permanent.  Hence  it  appears,  that  the 
alkalis  act  on  the  acid  combined  with  the  mercury,  ra- 
ther than  on  the  acid  uncombined.  Thefe  different 
(Mixes  of  mercury  precipitated  by  the  alkalis  may  be  re- 
duced 
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duced  in  clofe  veffels.  In  order  to  obtain  them  pure,  we 
muft  wafli  them  feveral  times  with  diftilled  water. 

The  nitrous  acid  is  decompofed  by  mercury  with  the 
greateft  rapidity.  The  folution  is  made  in  the  cold,  and 
with  more  or  lefs  aftivity,  according  to  the  ftate  of  the 
acid.  The  ordinary  aquafortis  in  commerce  afts  on  mer- 
cury without  emitting  many  red  vapours  :  if  we  add  a 
little  fuming  fpirit  of  nitre,  or  heat  the  mixture,  the  ac- 
tion becomes  very  rapid  ;  a  great  quantity  of  nitrous 
gas  is  difengaged  ;  and  the  mercury  reduced  into  a  calx 
remains  in  folution.    The  liquor  is  greenifh,  but  lofes 
that  colour  after  fome  time.    By  this  procefs  the  nitrous 
acid  may  be  charged  with  a  quantity  of  mercury  equal 
to  its  weight.    M.  Bergman,  in  his  Differtation  on  the 
Analyfis  of  Waters,  has  obferved,  that  the  nitrous  folu- 
tions  of  mercury  differ  from  one  onother  according  to  the 
manner  in  which  they  have  been  prepared  :  that  which 
has  been  made  in  the  cold,  and  without  the  difengage- 
ment  of  many  red  vapours,  cannot  be  decompofed  by 
diftilled  water.    If  we  affift  the  folution  by  means  of 
heat,  and  if  it  has  produced  a  great  quantity  of  nitrous 
gas,  it  will  be  precipitated  by  water,  and  cannot  be  em- 
ployed again  with  certainty  in  the  analyfis  of  waters,  as 
we  mail  obferve  in  fpeaking  of  the  mineral  waters.  I 
think  that  this  phenomenon  is  owing  to  the  fame  caufe 
in  the  nitrous  folution  as  in  the  vitriolic.    The  nitrous 
acid,  by  means  of  heat,  may  be  overcharged  with  calx 
of  mercury,  and  may  keep  it  fiifpended.   This  kind  of 
folution  with  excefs  of  mercury,  will  be  precipitated  by 
diftilled  water,  which  changes  the  denfity  of  the  liquor, 
and  diminilhes  the  adhefion  of  the  calx  to  the  mercu- 
rial nitre  :  likewife  the  precipitate  is  a  true  turbith, 
and  which  is  very  yellow,  if  we  pour  the  overcharged 
folution  into  warm  water;  but  is  white,  when  pour- 
ed into  cold  water.    We  can  inftantly  give  it  colour 
by  warning  it  with  hot  water.    As  the  folution  contains 
only  mercurial  nitre,  without  excefs  of  calx,  when  it  has 
been  made  in  the  cold,  fince  it  cannot  be  impregnated 
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with  an  excefs  of  calx,  except  by  means  of  heat,  the  di- 
ftilled  water  occa'fions  no  precipitate.  I  am  perfuaded 
of  this  by  a  fact  of  which  I  have  been  afTured  a  great 
number  of  times.  We  can  at  pleafure  render  the  fame 
nitrous  folution  of  mercury  liable  or  not  liable  to  be 
decompofed  by  means  of  water,  either  by  adding  fome 
mercury  or  fome  acid  ;  and  we  can  make  it  pafs  from 
the  one  Mate  to  the  other.  For  this  it  is  fufficient  to 
dhTolve  in  the  cold  fome  mercury  in  nitrous  acid,  and 
to  allow  the  acid  to  take  up  as  much  as  poffible :  this 
folution  connot  be  decompofed  by  water,  although  it 
may  have  allowed  fome  nitrous  gas  to  efcape.  By  ad- 
ding fome  mercury  to  it,  and  allowing  it  to  diifolve  as 
much  as  it  can  by  means  of  heat,  it  becomes  liable  to  be 
precipitated  by  water.  From  the  fame  theory  we  eafily 
underftand  why  a  nitrous  folution  of  mercury,  which 
is  not  precipitated  by  water,  acquires  this  property 
if  we  heat  it :  the  heat  difengages  fome  nitrous  gas, 
which  cannot  happen  without  deftroying  a  portion 
of  the  acid  :  hence  the  proportion  of  the  mercurial 
calx  being  too  ftrong  with  refpect  to  the  acid,  is  no 
longer  united,  but  adhering  to  the  mercurial  nitre,  is 
fufpended  in  fuch  a  manner  that  water  may  precipitate 
it  very  eafily.  1  am  certain  that  water  precipitates  only 
a  fuperabundant  calx  from  the  mercurial  folutions, 
fincc  they  (till  retain  a  portion  of  true  mercurial  nitre, 
decompofable  by  the  alkalis  in  the  fame  way  as  the 
vitriolic  mercurial  mafs  when  warned  for  the  prepa- 
ration of  turbith  mineral.  The  folution  of  mercury 
in  the  nitrous  acid  is  very  cauftic  :  it  corrodes  and 
deftroys  our  organs :  when  it  falls  on  the  fkin,  it  (tains 
it  of  a  deep  purple  colour,  which  appears  black  ;  the 
ftains  do  not  go  off  before  the  feparation  of  the  epi- 
dermis, which  falls  away  in  fcales  or  kinds  of  efchars. 
It  is  ufed  in  furgery  as  a  powerful  efcharotic,  and  called 
mercurial  water. 

The  folution  of  mercury  in  the  nijtrous  acid  is  fuf- 
ceptible  of  forming  cryftals,  which  vary  from  one  ano- 
ther 
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ther  in  their  form  according  to  the  ftate  of  the  folu- 
tion, and  according  to  the  circumftances  which  accom- 
pany the  cryftalllzation.  By  carefully  obferving  thefe 
varieties,  I  have  marked  four  very  diftinct  kinds,  which 
I  mail  defcribe. 

1.  A  folution  made  in  the  cold,  gives,  by  a  fponta- 
neous  evaporation  of  feveral  months,  very  regular  tranf- 
parent  cryftals.  M.  Rome  de  Lifle  has  very  well  de- 
fined them  :  They  are  flat  folids  with  four  fides,  formed 
by  the  union  of  two  three-fided  pyramids,  cut  very 
nearly  at  the  bafe,  and  truncated  in  the  four  angles  which 
remit  from  the  junction  of  the  pyramids. 

2.  If  we  evaporate  the  fame  folution  made  in  the  cold, 
and  allow  it  to  cool,  kinds  of  acute  prifms,  ftriated 
obliquely  lengthwife,  are  depofired  in  twenty-four  hours, 
formed  by  the  fucceflive  application  of  fmall  laminae 
covering  one  another  like  tiles,  which  the  botanifts  call 
hnbricatim.  Upon  an  examination  of  thefe  fhapelefs 
prifms,  near  their  beginning,  I  faw  that  the  laminae  which 
conftitute  them  are  folids  with  four  facets,  refembling 
the  cryftals  we  obtain  by  fpontaneous  evaporation,  but 
fmaller  and  more  irregular. 

3.  If  we  make  a  nitrous  folution  by  means  of  a  gentle 
and  well  conducted  heat,  it  furnifhes,  by  cooling,  cry- 
ftals in  flat  needles,  very  long  and  acute,  ftriated  length- 
wife.  Thefe  are  got  molt  frequently,  and  have  been 
defcribed  by  the  moft  of  chemifts,  efpecially  Macquer, 
Rouelle,  Baume,  &c, 

4.  Laftly,  if  we  apply  more  heat  to  this  folution,  and 
it  becomes  liable  to  be  decompofed  by  the  addition  of 
water,  it  generally  turns  into  a  white  and  (hapelefs  mafs, 
refembling  the  vitriolic.  In  this  circumftance  I  have 
fometimes  had  a  confufed  mafs  in  needles,  very  fmall 
and  long  like  fattin,  flexible,  and  which  followed  the 
motion  of  the  liquor:  they  were  exa&ly  fifnilar  to  the 
brilliant  and  argentine  dendrites  which  I  have  feveral 
times  feen  on  the  fides  of  the  bottles  in  which  I  have 
kept  the  terra  foliata  tartari. 
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It  is  eflential  to  add,  that  this  laft  folution,  which  fur- 
niflies  only  irregular  and  confufed  cryftals  or  fhapelefa 
piaffes,  becaufe  they  contain  a  great  deal  of  fuperabun- 
dant  calx  of  mercury,  may  be  made  to  cryftallize  more 
regularly  by  the  addition  of  a  little  acid. 

Thefe  different  mercurial  nitres  prefent  nearly  the 
fame  phenomena  :  they  are  very  cauftic,  and  redden  the 
fkin  like  their  folution  ;  they  detonate  when  we  put 
them  on  burning  coals.  With  regard  to  this  property, 
we  mud  obferve,  that  it  is  much  more  fenfible  in  very 
regular  cryftals  with  four  fides,  than  in  thofe  which  are 
in  fmall  needles;  and  that  the  white  mafs  precipitated 
from  the  folution,  ftrongly  heated,  wants  it  altogether* 
The  detonation  of  mercurial  nitre  is  but  very  imper- 
ceptible in  newly  formed  cryftals :  in  order  to  obferve 
it  well  and  render  it  very  perceptible,  we  muft  allow 
them  to  filter  fome  time  through  foul  paper;  then 
if  we  put  them  on  a  well  kindled  coal,  they  fufe,  black- 
en, and  extinguifli  the  place  where  they  are  placed  j 
but  their  fides,  which  are  dry,  emit  fmall  reddim  fparks 
with  a  noife  refembling  a  flight  decrepitation.  When 
they  are  dry,  a  whitilh  and  more  vivid  flame  appears, 
which  very  foon  goes  off. 

Mercurial  nitre  fufes  when  we  heat  it  in  a  crucible  • 
very  thick  red  vapours  are  exhaled  :  in  proportion  as  it 
M"es  its  water  and  nitrous  gas,  itaffumes  a  deep  yellow, 
which  turns  to  an  orange,  and  at  laft  to-  a  brilliant  red  ; 
in  this  (late  it  is  called  red  precipitate.  It  ought  to  be 
clone  in  a  matrafs  and  with  a  gentle  heat,  if  we  defign  it 
for  a  cauflic  in  furgery,  that  it  may  retain  a  portion  of 
acid,  to  which  is  owing  the  corrofive  property.  But  if 
fere  apply  a  ftrong  heat,  it  is  no  more  than  a  calx  of  mer- 
cury, formed  by  the  metal  united  with  the  pure  air  of 
the  nitrous  acid.  Mercurial  nitre,  diftiiled  in  a  retort, 
gives  an  acidulous  phlegm  and  fome  nitrous  gas  at  firft; 
it  is  then  in  the  ftate  of  red  precipitate  :  by  heating  it 
ftrongly,  a  great  quantity  of  pure  air  is  difengaged,  and 
the  mercury  iublimes  in  the  form  of  flowing  mercury. 

This 
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This  experiment  having  been  made  with  the  utmoft 
precifion  by  M.  Lavoificr,  it  led  him  to  demonftrate  the 
Gompofition  of  the  nitrous  acid,  as  we  have  faid  in  the 
hiftory  of  that  acid. 

Mercurial  nitre  becomes  yellowifh  by  the  air,  and  is  de- 
compofed very  flowly  :  it  is  very  foluble  in  diftilled  wa- 
ter; more  fo  in  warm  than  in  cold  water,  and  cryftali- 
zes  by  cooling.    When  we  diffolve  this  fait  in  water, 
a  portion  precipitates  without  difiblving,  and  is  yel- 
lowifli  :  M.  Monnet  calls  this  nitrous  turbith;  and  he 
obferves,  that  a  great  quantity  of  it  may  be  obtained  by 
wafhing  a  nitrous  mercurial  mafs  evaporated  to  dry- 
nefs,  fuch  as  that  which  is  made  into  red  precipitate^ 
If  we  want  to  diffolve  the  mercurial  nitre  entirely,  we 
muft  make  ufe  of  diftilled  water,  into  which  aquafortis 
fhould  be  put  till  the  precipitate  difappear.    I  have  ob- 
ferved,  that  when  boiling  water  is  poured  on  very  pure 
mercurial  nitre,  it  turns  yellow  inftantly,  and  gives  ni- 
trous turbeth  of  a  deeper  colour ;  and  which  expofed  to 
the  fire  becomes  red  much  more  quickly  than  that 
which  is  made  with  the  vitriolic  acid.    In  general,  ni- 
trous turbeth  is  more  calcined  than  the  vitriolic;  owing, 
as  we  have  already  obferved  of  the  other  ccmbuftible  fub- 
ftances,  to  the  nitrous  acid  containing  more  air  than  the 
vitriolic,  and  the  air  appearing  to  have  a  much  weaker 
adhefion  to  the  nitrous  gas  in  the  nitrous  acid,  than* it 
feems  to  have  to  the  fulphur  in  the  vitriolic :  For  this 
reafon  the  nitrous  acid  is  more  eafily  decompofed  than 
oil  of  vitriol. 

Terra  ponderofa,  magnefia,  lime,.and  the  alkalis,  de- 
compofe  mercurial  nitre,  precipitating  the  metal  in  the 
form  of  a  calx.  The  precipitates  vary  in  colour,  weight, 
and  quantity,  according  to  the  ftate  of  the  folution. 
The  cauftic  fixed  alkalis  form  a  yellow  precipitate,  more 
or  lefs  brown,  or  of  a  brick  colour,  according  to  their 
caufticity.  The  volatile  alkali  precipitates,  in  a  grey 
flaty  colour,  the  nitrous  mercurial  folution  when  in  a 
proper  ftate,  that  is,  in  which  it  cannot  be  decompofed 
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by  water  ;  whereas  the  fame  fait  produces  a  white  de= 
pofition  from  a  faturated  folution  of  mercury  pre- 
cipi table  by  water.    Thefe  differences  have  been  ac- 
curately obferved  by  M.  Bergman.    Thefe  precipitates 
are  only  calces  of  mercury  more  or  lefs  Calcined  :  they 
are  all  reducible  without  addition  in  clpfe  veflels,  and 
give  out  pure  air  in  their  reduction.    Thofe  which  have 
been  precipitated  by  the  aerated  alkalis,  furnifh  a  great 
deal  of  aerial  acid  by  the  action  of  the  heat.    The  pre- 
cipitates of  mercury,  occasioned  by  the  alkaline  inter- 
media, prefent  a  property,  difcovered  by  M.  Bayen, 
which  we  mould  not  omit  to  mention :  it  is  a  detona- 
tion like  gun-powder,  when  they  are  expofed  in  an  iron 
fpoon  to  a  gradual  fire,  having  been  previoufly  tritura- 
ted with  flowers  of  fulphur,  in  the  proportion  of  half  a 
gros  of  precipitate  to  fix  grains  of  the  fulphur :  after 
the  detonation,  a  violet  powder  remains,  which  may  be 
fublimed  into  cinnabar. 

The  vitriolic  acid,  and  the  falts  into  which  o  it  enters* 
can  likewife  decompofe  mercurial  nitre ;  becaufe  the 
vitriolic  acid  has  more  affinity  with  the  mercury  than 
the  nitrous  acid  has.  If  we  pour  fome  fpirit  of  vitriol 
or  a  folution  of  Glauber's  fait,  vitriolated  tartar, /elenite, 
and  of  the  vitriolic  falts  in  general,  into  a  nitrous  folu- 
tion of  mercury,  a  white  precipitate  is  formed,  if  the 
nitrous  folution  is  not  faturated  ;  and  fo  much  the  more 
yellow,  as  the  mercurial  nitre  contains  lefs  acid  and 
more  metal :  the  precipitate  is  either  vitriol  of  mer- 
cury or  vitriolic  turbith.  M.  Bayen  obferved,  that  it 
always  retained  a  little  nitrous  acid. 

The  marine  acid  has  no  fenfible  action  on  mercury, 
though  it  has  the  ftrongeft  affinity  of  all  its  acids  with 
it ;  but  it  has  a  very  remarkable  action  on  the  calx,  and 
forms  with  it  a  particular  neutral  fait.  This  combina- 
tion takes  place  whenever  the  marine  acid  comes  in 
contact  with  the  calx  very  much  divided.  If  we  pour 
a  little  marine  acid  into  a  nitrous  folution  of  mercury, 
it  attrads  the  metal,  and  forms  a  fait  which  is  precipita- 
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ted  in  the  form  of  a  white  coagulum,  called  white  pre- 
cipitate. The  marine  falts,  with  alkaline  or  faline-earthy 
bafes,  abfolutely  produce  the  fame  effect;  and  befides 
form  neutral  falts,  differing  according  to  their  bafe. 
But  it  is  of  importance  to  obferve,  upon  the  fubject  of 
this  operation,  that  the  precipitate  may  be  found  in  two 
different  Hates,  according  to  the  nature  of  the  nitrous 
folution,  and  according  to  the  quantity  of  marine  fait 
employed :  and  indeed  M.  Monnet  has  obferved,  that 
if  we  take  a  weak  folution  of  mercury,  and  mix  it  with 
a  ftrong  folution  of  marine  fait,  the  fait  which  is  preci- 
pitated contains  only  the  quantity  of  mercury  neceffary 
for  faturation  ;  and  that  if  we  ufe  a  ftrong  nitrous  folu- 
tion of  this  metal  with  an  unfaturated  folution  of  marine 
fait,  the  precipitate  is  formed  of  marine  acid  with  the 
greateft  poffible  quantity  of  mercury.  Now,  it  will  be 
prefently  obferved,  that  thefe  two  combinations  whofe 
refpeftive  quantities  of  metal  and  acid  vary,  greatly  differ 
from  one  another  :  the  marine  acid  alfo  has  more  affinity 
with  mercury  than  the  vitriolic  acid  has ;  and  occafions, 
in  the  folutions  of  mercury  in  the  vitriolic  acid,  the  fame 
precipitates  as  in  the  nitrous  folutions  of  mercury.  The 
compound  of  marine  acid  and  mercury  may  be  in  two 
flates,  as  we  have  faid  already,  according  to  the  quan- 
tity of  metal  it  contains :  the  two  ftates  are,  corrofive 
fublimate  and  fweet  mercury. 

Corrofive  fublimate  may  be  prepared  by  feveral  pro- 
ceffes  :  for  the  raoft  part  we  mix  equal  parts  of  mer- 
curial nitre  dried,  decrepitated  marine  fait,  and  mar- 
tial vitriol  calcined  to  whitenefs ;  we  put  this  mixture 
into  a  matrafs,  two-thirds  of  the  capacity  of  which 
ought  to  remain  empty  :  this  veffel  is  put  into  a  fand 
bath,  and  gradually  heated  till  its  bottom  be  a  dark 
red.  The  acid  of  the  vitriol  difengages  that  of  the  ma- 
rine fait.  This  laft  decompofes  the  mercurial  nitre, 
and  fublimes  with  the  mercury  in  the  form  of  flat  and 
pointed  cryftals,  which  line  the  upper  part  of  the  ma- 
trafs. The  nitrous  acid  is  diffipated  j  the  refiduum  is 
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reddifh  or  brown  :  it  contains  Glauber's  fait,  formed 
by  the  union  of  the  vitriolic  acid  with  the  bafe  of  the 
marine  fait  and  a  calx  of  iron. 

In  Holland  this  fait  is  prepared  in  great,  by  triturating 
equal  parts  of  .mercury,  marine  fait,  and  vitriol,  and 
by  expofing  this  fait  to  a  violent  fire.  It  may  be  formed 
alio  by  fubliming  mixtures  of  martial  vitriol,  marine 
fait,  and  mercurial  precipitates  by  the  fixed  alkalis,  or 
of  turbith  mineral.  Boulduc  likewife  has  given  a  very 
good  procefs  for  preparing  corrofive  fublimate.  M. 
Spielman  remarks,  that  it  was  mown  by  Kunckel  in 
his  Chemical  Laboratory.  It  confifhs  in  heating  in  a 
matrafs  an  equal  quantity  of  vitriol,  mercury,  and  de- 
crepitated marine  fait  :  the  fublimate  is  volatilized, 
and  the  refiduum  is  only  fome  Glauber's  fait.  This 
method  furniflies  a  very  pure  corrofive  fublimate ; 
whereas  that  in  commerce,  and  even  that  prepared 
in  fmall  with  martial  vitriol,  always  contains  a  little 
iron  ;  at  the  fame  time  it  is  more  eafy  and  more  ©eco- 
nomical. M.  Monnet  alfo  aflerts,  that  he  obtained 
this  fait  by  heating  in  a  retort  fome  very  dry  fea-falt, 
and  mercury  precipitated  from  its  folution  in  the  ni- 
trous acid  by  the  fixed  alkalis.  In  all  thefe  preparations 
or  corrofive  fublimate,  we  mould  take  care  not  to  break 
the  fubliming  veffel  till  it  is  quite  cold,  in  order  to  fhun 
the  vapours  of  this  fait. 

Corrofive  fublimate  is  a  faline  neutral  fubftance, 
which  merits  all  the  attention  of  chemids  and  phyficians. 
It  poffevTes  a  great  number  of  properties,  which  it  is  of 
importance  to  know  well,  and  of  which  we  are  going  to 
give  the  biftory.  This  fait  has  a  very  cauftic  tafte. 
Laid  in  very  fmall  quantity  on  the  tongue,  it  leaves  for 
a  long  time  a  ftyptic  and  very  difagreeable  metallic 
imprefTion  :  This  impreffion  is  even  communicated  to 
the  larynx,  which  it  fhuts  fpafmodically,  and  it  fre- 
quently continues  a  long  time,  particularly  in  perfons 
ot  lenfibility.  The  adion  of  this  fait  is  (till  ltrong-er  on 
the  coats  of  the  ftomach  and  imeftines ;  when  it  re- 
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mains  applied  to  them  for  any  time,  it  corrodes  them, 
and  forms  efchars :  it  is  alfo  one  of  the  nioft  violent 
poifons  we  know.  This  caufticity  of  corrofive  fubli- 
mate feems  to  depend  on  the  ftate  of  the  mercury  in 
this  falt4  as  M.  Macquer  has  very  ingenioufly  explained. 
It  cannot  be  attributed  to  the  marine  acid,  as  fomehave 
thought,  fince  this  acid  is  not  fuperabundant  in  the 
fublimate  :  the  mercury  is  in  more  than  triple  the  quan- 
tity of  the  marine  acid.  Moreover,  this  fait  renders  the 
fyrup  of  violets  green  rather  than  red,  according  to  the 
obfervation  of  M.  Rouelle.  Befides,  the  tafte  of  corro- 
five fublimate  is  much  ftronger  than  that  of  the  marine 
acid  :  for  we  can  take  a  gros  of  fpirit  of  fait,  diluted  in 
water,  with  impunity  ;  whilft  fome  grains  of  corrofive 
fublimate  diffolved  in  the  fame  quantity,  of  water  would 
undoubtedly  be  a  poifon.  M.  Baume  thought  that  this 
extreme  tafte  depended  entirely  on  the  combination  of 
the  two  fubftances  of  this  compound :  and  hence  he 
drew  the  great  proofs  of  the  law  of  affinity,  which  efta- 
bliihes,  that  compounds  have  new  properties,  and  very 
different  from  thofe  of  the  component  parts. 

Corrofive  fublimate  is  not  fenfibly  altered  by  the 
light.  Heat  volatilizes  it,  and  makes  it  undergo  a  fe mi- 
vitrification.  If  it  is  heated  flrongly,  and  in  the  free  air,  it 
is  diflipated  in  a  white  fume  ;  the  effects  of  which  on  the 
animal  ceconomy  are  very  powerful  and  dangerous. 
Heated  flowly,  and  by  degrees,  it  fublimes  in  a  cryftal- 
line  and  regular  form.    Its  cryftals  are  prifms,  focom- 
preffed,  that  it  is  impoffible  to  determine  the  number 
of  fides.    They  are  terminated  by  very  acute  tops:  and 
they  are  juftly  compared  to  the  laminae  of  a  dagger, 
fcattered  on  one  another.    Fire  cannot  decompofe  this 
fait :  it  fuffers  no  alteration  from  the  air.    It  diffolves 
in  nineteen  parts  of  water,  and  cryftallizes  by  evapora- 
tion into  prifms  flattened,  and  very  acute  at  their  ex- 
tremities, like  thofe  obtained  by  fublimation.  The 
fpontaneous  evaporation  of  its  folution  produced  to  M. 
Bucquet  oblique  angled  parallelopipeds,  whofe  extre- 
mities 
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mitics  were  truncated  croffwife.  M.  Thouvenel  got 
cryllals  of  this  fait  in  fix-fided  prifms,  a  little  com- 
preffed. 

Terra  ponderofa,  magnefia,  and  lime,  decompofe  corro- 
five  fublimate,  and  precipitate  the  mercurial  calx.  The 
phagedenic  water,  which  the  furgeons  ufe  as  a  cauflic,  is 
prepared  by  throwing  half  a  gros  of  corrofive  fublimate 
in  powder  into  a  pound  of  lime-water  ;  a  yellow  calx  is 
formed,  which  renders  the  liquor  turbid,  and  it  is  ufed. 
without  feparating  the  precipitate.  The  hxed .  alkalis 
feparate  from  the  corrofive  fublimate  an  orange  calx, 
whofe  colour  deepens  by  fettling.  The  volatile  alkali 
precipitates  a  white  calx  ;  but  this  precipitate  in  a  little 
time  becomes  coloured  like  Hate. 

The  acids  and  neutral  alkaline  falts  do  not  alter  it  in 
any  way.  This  fait  contracts  an  intimate  union  with 
fal  ammoniac,  but  without  being  decompofed.  It  forms, 
either  by  fublimation  or  cryflallization,  a  very  fingular 
faline  compound,  which  the  alchemifts  efteemed  very 
much,  and  called  fal  ale?nbroth,  fal  artis,  fal  fapienties. 
Sal  ammoniac  renders  fublimate  very  foluble  ;  as,  ac- 
cording to  M.  Baume,  three  ounces  of  water,  contain- 
ing nine  gros  of  fal  ammoniac,  duTolve  five  ounces  of 
fublimate.  This  laft  folution  occafions*  heat,  and  turns 
into  a  mafs  in  cooling.  With  this  fait  is  made  a  pre- 
paration, called  white  mercury  precipitate.  For  this  pur- 
pofe  we  throw  into  a  folution  of  a  pound  of  fal  ammo- 
niac an  equal  quantity  of  corrofive  fublimate  in  pow- 
der \  when  this  fait  is  all  diflblved,  we  pour  in  fome  oil 
of  tartar,  which  forms  a  white  precipitate  :  this  precipi- 
tate is  warned  and  dried  in  the  air,  after  having  been 
made  into  troches.  In  this  operation  the  fixed  alkali 
difengagcs  the  volatile  alkali  of  the  fal  ammoniac,  which 
in  its  turn  precipitates  the  mercury  in  a  white  calx.  This 
precipitate  turns  yellow  when  expofed  to  heat,  or  even 
to  the  light. 

.  Corrofive  fublimate  is  altered  by  inflammable  gas. 
Sulphur  does  not  alter  it ;  but  liver  of  fulphur  decom- 
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pofes  it,  like  all  the  other  foliations  of  mercury :  there  is 
inftantly  formed  a  black  precipitate,  which  refults  from 
the  combination  of  the  fulphur  with  the  mercury.  The 
molt  part  of  the  femimetals  which  we  have  examined, 
are  capable  of  decompofing  this  fait  ;  and  each  of  thefe 
decompofitions  prefent  particular  phenomena,  which 
merit  an  accurate  examination. 

If  two  parts  of  corrofive  fublimate  are  diftilled  with 
a  gentle  heat  with  one  part  of  regulus  or  calx  of  arfe- 
nic,  matter  paries  over  into  the  receiver  of  the  confift- 
ence  of  oil,  tranfparent,  but  which  condenfes  very  foon 
into  a  kind  of  white  jelly,  called  corrofive  oil,  or  butter  of 
arfenk.    If  we  continue  the  heat  when  the  butter  is 
over,  we  obtain  flowing  mercury  ;  and  by  this  procefs 
we  can  difcover  the  exact  principles  of  corrofive  fubli- 
mate.   The  butter  of  arfenic  is  not  capable  of  cryftal- 
lizing  ;  it  fufes  with  a  gentle  heat ;  it  has  fo  cauftic  a 
tafte,  that  it  inftantly  deftroys  our  organs.    It  diffolves 
in  water,  which  in  part  decompofes  it :  we  are  ignorant 
of  its  other  properties.    The  effects  of  cobalt,  nickel, 
and  manganefe,  on  corrofive  fublimate,  have  not  been 
examined.    As  for  bifmuth,  regulus  of  antimony,  and 
zinc,  thefe  three  femimetals  decompofe  it  very  well. 
By  diftilling  two  parts  of  fublimate,  and  one  of  bifmuth, 
we  obtain  a  thick  fluid  fubftance  that  congeals  into  a 
mafs  as  if  greafy,  which  fufes  with  heat,  and  is  precipi- 
tated by  copious  wafhing ;  in  a  word,  a  true  butter  of 
tnfmuth.    Poli,  who  published  this  experiment  in  the 
Hiftory  of  the  Academy  for  the  year  17 13,  fays,  that  by 
fublitning  this  butter  fevcral  times,  there  remains  in  the 
veflel  a  matter  of  the  colour  of  oriental  pearls,  very  foft 
to  the  touch,  and  as  if  gluey  ;  helikewife  propofes  it  for 
painting.  If  1  2  ounces  of  regulus  of  antimony,  and  two 
pounds  of  corrofive  fublimate,  are  mixed  accurately,  a 
heat  is  occaficned,  which  proves  a  violent  action  between 
thefe  two  bodies.    If  this  mixture  is  diftilled  with  a 
gentle  fire,  we  obtain  a  thick  liquor,  which  fixes  in  the 
receiver,  often  even  in  the  neck  of  the  retort,  in  a  white 
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mafs,  called  butter  of antimony .  This  butter  is  generally 
to  the  quantity  of  16  ounces  and  a  few  gros. 

The  refiduum  is  compofed  of  mercury,  and  a  grey 
powder  of  regulus  of  antimony  which  fwims  upon  it. 
If  we  continue  the  diftillation  after  the  butter  has  paf- 
fed,  by  adapting  a  new  ball,  we  obtain  fome  flowing 
mercury  ;  but  it  is  contaminated  with  a  little  butter  of 
antimony,  of  which  it  is  impoflible  entirely  to  free  the 
neck  of  the  retort.  M.  Baume,  who  has  fully  defcribed 
this  operation,  fays,  that  by  this  procefs  we  may  extract 
-22  ounces  of  flowing  mercury,  an  ounce  of  regulus  in 
powder,  and  6  gros  24  grains  of  regulus  fufed  in  the 
retort.  This  in  the  retort  is  in  part  calcined.  It  exhi- 
bits red  and  argentine  flowers.  In  this  experiment  the 
regulus,  which  has  more  affinity  with  the  marine  acid 
than  the  mercury  has,  decompofes  the  corrofive  fubli- 
mate.  This  decompofition  likewife  happens  with  crude 
antimony.  By  diftilling  one  part  of  this  mineral  re- 
duced into  powder  with  two  parts  of  corrofive  fubliniate, 
we  obtain  butter  of  antimony  ;  but  the  refiduum,  ia 
place  of  containing  flowing  mercury,  prefents  a  combi- 
nation of  fulphur  with  this  femimetal.  This  combina- 
tion may  be  fublimed  by  a  violent  fire  into  red  needles, 
called  cinnabar  antimonii. 

The  butter  of  antimony  may  be  prepared  in  feveral 
other  ways.  We  always  obtain  it  when  the  regulus  in 
vapour  meets  the  marine  acid  in  the  (late  of  a  gas  :  but 
the  decompofition  of  corrofive  fublimate  is  the  procefs 
which  molt  eafily  fumilhes  it,  and  in  the  greateft  quan- 
tity. This  compound  is  in  a  folid  form  ;  it  cryltallizes 
in  very  thick  parallelopipeds ;  it  is  a  moft  violent  cau- 
ftic,  fo  as  to  deftroy  the  fkin  inftantly,  and  to  burn  com- 
buftible  vegetable  matters,  as  wood  :  it  is  very  alterable 
by  the  contatt  of  the  light  ;  it  fufes  with  the  leaft  heat, 
and  fixes  by  cooling ;  it  very  eafily  lofes  its  whiteneis, 
and  is  eafily  coloured.  It  may  be  rectified  by  diftilla- 
tion. It  attracts  humidity  from  the  air  ;  it  is  refolved 
into  a  thick  fluid,  as  if  oily-j  in  water  it  diflblves  only 
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in  part,  and  the  greatefl  portion  is  decompofed  by  this 
fluid.  When  butter  of  antimony  is  thrown  into  diftilled 
water,  a  very  copious  precipitate  inftantly  falls  down, 
which  is  called  emetic  powder ,  or  powder  of  A/garotb,' 
from  the  name  of  a  phyfician  who  employed  it  as  a  me- 
dicine.    It  has  alio  been  improperly  called  mercurius 
vita.    This  precipitate  is  a  calx  of  antimony,  which  is 
violently  purgative  and  emetic ;  and  even  in  a  very 
fmall  dofe,  as  in  that  of  three  or  four  grains.    To  get  it 
very  pure,  we  mufl  wafh  it  feveral  times  in  diftilled  wa- 
ter. By  thefe  properties  it  differs  from  the  other  calces 
of  this  femimetal,  which  have  no  very  powerful  action 
on  the  animal  oeconomy.  A  portion  of  this  calx  remains 
in  folution  in  the  water  employed  to  wafh  the  butter  of 
antimony,  by  means  of  the  acid  which  this  fluid  con- 
tains.   We  are  certain  of  this  fatt,  by  pouring  a  little 
alkali  into  it.    There  is  formed  a  very  copious  white 
precipitate,  which  is  nothing  but  the  excefs  of  this  calx 
with  which  the  butter  of  antimony  is  charged,  that  gives 
it  the  property  of  being  decompofed  by  water,  as  well 
as  that  of  turning  into  a  folid  mafs.    The  butter  of  an- 
timony dhTolves  with  heat  and  eflervefcence  in  the  ni- 
trous acid.    In  this  folution  a  great  quantity  of  nitrous 
gas  is  difengaged,  which  excites  a  confiderable  motion 
in  the  mixture.  The  butter  of  antimony  difappears,  and 
the  liquor  is  of  a  reddifh  yellow.  It  is  a  folution  of  calx 
of  antimony  in  aqua  regia.    It  very  foon  depofites  the 
calx  of  antimony  in  the  form  of  a  powder,  and  even  of 
a  black,  magma.    If  we  evaporate  to  drynefs  the  fo- 
lution of  butter  of  antimony  in  the  nitrous  acid,  as  foon 
as  it  is  done  we  obtain  a  very  white  calx  :  it  is  again 
mixed  with  its  own  weight  of  the  fame  acid,  which  we 
evaporate  afrefh  :  we  mix  a  third  time  this  powder  with 
the  fame  quantity  of  nitrous  acid,  which  we  evaporate 
to  drynefs  ;  we  calcine  it  in  a  crucible,  which  we  keep 
red  about  half  an  hour,  and  then  leave  it  to  cool.  The 
calx  which  we  get  is  white  above  and  red  below ;  we 
mix  thefe. two  portions  together,  which  form  a  prepara- 
tion 
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tion  called  bezoar  mineral.  M.  Macquer  looks  on  this 
medicine  to  be  a  perfect  calx  of  this  femimetal,  and  he 
thinks  it  abfolutely  fimilar  to  diaphoretic  antimony. 
However,  Lemery,  who  has  defcribed  this  preparation 
with  care,  recommends  calcining  it  only  till  it  has  but 
a  very  llight  degree  of  acidity  ;  he  therefore  wiflies  it 
to  retain  a  certain  portion  of  acid,  which  mould  necef- 
farily  change  the  properties  of  the  calx  of  antimony. 

Corrofive  fublimate  is  decompofed  by  zinc,  as  Mr 
Pott  has  affirmed,  and  Imyfelf  have  feveral  times  ascer- 
tained. If  we  diftill  in  a  glafs  retort  a  mixture  of  cor- 
rofive fublimate  and  one  of  zinc  in  filings  or  in  a  grofs 
powder,  a  very  white  and  folid  butter  mounts,  which 
cryftallizes  into  fmall  united  needles,  like  the  bundles 
of  which  the  italac"lites  are  compofed  :  the  mercury  re- 
mains pure  in  the  retort,  and  pafles  over  after  the  butter 
of  zinc.  This  butter  fumes  {lightly  when  it  is  taken 
put  of  the  recipient :  it  fufes  with  a  gentle  heat ;  it  is  co- 
loured by  inflammable  vapours;  and  laftly,it  is  in  part  de- 
compofed by  water  like  the  butter  of  antimony.  The  mod 
lingular  property  of  corrofive  fublimate,  with  regard  to 
its  alteration  by  the  metallic  fubftances,  and  at  the  fame 
time  the  molt  important,  is  its  combination  with  flow- 
ing mercury.  When  it  is  faturated  with  the  flowing 
mercury,  it  lofcs  the  moft  part  of  its  properties,  and  par- 
ticularly its  t^e  and  folubility.  This  combination  was 
formerly  nr,rjby  triturating  in  a  glafs-mortar  the  cor- 
rofive fublimite  with  flowing  mercury,  which  was  gra- 
dually added  till  this  laft  could  be  no  more  quenched. 
The  quantity  of  this  metallic  fluid  with  which  the  fub- 
limate can  incorporate  by  this  procefs,  is  about  three- 
fourths  of  its  weight,  as  Lemery  and  Baume  have  ob- 
ferved.  This  mixture  was  put  into  vials,  two  thirds  of 
which  were  left  void,  and  it  was  fublimed  three  times 
fucceffively  :  care  was  taken  each  time  to  feparate  a 
white  powder,  which  was  found  above  the  fublimate 
and  is  very  corrofive.  This  produdion  is  called  fweer. 
fublimate,  fweet  mercury,  or  aquila  alba.    It  differs 
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from  corrofive  fublimate  in  its  almoft  perfect  infallibili- 
ty, in  its  infipidity,  and  in  its  cryftalline  form.  The  cry- 
ftals  obtained  by  a  flow  fublimation  are  three-fided 
prifms,  terminated  by  pyramids  with  four  fides.  Fre- 
quently two  three-fided  pyramids,  very  elongated,  are 
united  at  their  bafes,  and  form  very  acute  octagons. 
The  procefs  we  have  jufl:  now  defcribed,  for  the  prepa- 
ration of  fweet  mercury,  has  feveral  inconveniences. 
The  trituration  of  corrofive  fublimate  with  flowing  mer- 
cury, till  the  metal  be  extinguiflied,  is  very  tedious  and 
difficult :  a  very  fine  acrid  powder  rifes,  againfl  which 
we  are  obliged  to  defend  ourfelves  by  covering  the  nofe 
and  the  mouth  with  a  napkin.  Mercury  is  never  ex- 
actly extinguiflied  in  a  mortar :  the  fublimations  are 
very  flow.  M.  Banme  advifcd  pouring  a  little  water  on 
the  fubftances  which  we  triturate.  This  fluid  accele- 
rates the  trituration,  and  prevents  the  rifmg  of  the 
powder.  He  alfo  made  ufe  of  porphyrization,  which 
greatly  facilitates  the  extinction  of  the  mercury.  Laftly, 
in  order  to  be  fure  of  having  a  fweet  mercury,  entirely 
free  of  fublimate,  Zwelfer,  Cartheuzer,  andBaume,  have 
have  propofed  to  pour  on  the  fweet  mercury,  once  fub- 
limed,  fome  hot  water  to  diflblve  the  fublimate,  and  to 
dry  the  portion  of  mercury,  which  is  then  found  very 
gentle.  M.  Cornette,  to  fliun  the  vola  ilifation  of  the 
fublimate  with  the  mercury,  propofed  i'fing  the  preci- 
pitate of  mercurial  nitre  by  the  volatile11  alkali,  which 
unites  much  better  with  the  corrofive  fublimate  than 
flowing  mercury  :  but  this  precipitate  not  being  fo  pure 
as  crude  mercury,  we  cannot  be  fo  certain  about  the 
preparation,  into  which  its  enters.  M.  Bailleau,  an  a- 
pothecary  at  Paris,  communicated  to  the  Royal  So- 
■  ciety  of  Medicine,  a  procefs  for  the  preparation  of 
fweet  mercury,  without  having  any  accidents  to  fear, 
which  might  render  the  preparation  liable  to  danger. 
The  procefs  confifts  in  forming  a  parte  with  the  corro- 
five fublimate  and  water,  and  in  triturating  it  with  flow- 
ing mercury.    Half  an  hour's  trituration  fuflices  to  ex- 
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tinguifli  the  mercury,  as  the  water  promotes  its  divi- 
fion.  We  finifh  the  combination  by  digefting  the  mix- 
ture on  a  bath  of  fand  in  a  gentle  heat  :  the  matter, 
from  being  grey  becomes  white,  and  forms  a  very  fweet 
mercury,  requiring  only  a  fingle  fublimation  to  render 
it  perfectly  pure.  Mr  Baume  made  feveral  experiments 
on  fweet  mercury  :  he  has  demonftrated,  that  this  com- 
pound cannot  take  up  a  greater  quantity  of  mercury 
than  that  which  it  contains  ;  that  it  cannot  be  in  a 
middle  ftate  between  that  of  corrofive  fublimate  and 
fweet  mercury  ;  and  that  by  mixing  with  corrofive  fub- 
limate a  lefs  quantity  of  mercury  than  what  is  neceffary 
to  convert  it  into  fweet  mercury,  a  quantity  of  fweet 
mercury  is  formed  only  in  proportion  to  the  quantity  of 
mercury  added  ;  and  that  the  remainder  of  the  fubli- 
mate is  volatilized  with  all  its  properties,  and  without 
being  rendered  fweet.  By  means  of  hot  water  we  may 
feparate  thefe  two  compounds.  From  the  inquiries  of 
the  fame  chemift,  we  have  alfo  learned,  that  we  can 
change  fweet  mercury  into  corrofive  fublimate,  by  fub- 
liming  it  with  marine  fait  decrepitated,  and  with 
martial  vitriol  calcined  to  whitenefs.  In  this  operation, 
the  marine  acid  is  difengaged  by  the  oil  of  vitriol,  and 
feizes  on  the  mercury  not  faturated  with  the  fweet  mer- 
cury, and  is  thus  converted  into  corrofive  fublimate. 
M.  Baume  fays,  that  fweet  mercury  greatly  differs  from 
corrofive  fublimate,  in  this,  that  it  cannot  contract  an 
union  with  fal  ammoniac,  as  the  fublimate  docs  in  the 
preparation  of  the  fal  alembroth.  In  confequence  of  this 
property,  he  has  advifed  to  wafh  fweet  mercury  with  wa- 
ter charged  with  a  little  fal  ammoniac,  to  diffolve  all 
the  corrofive  fublimate,  which  this  fait  renders  very  fo- 
luble.  Laftly,  he  difcovered,  that  in  every  fublimation 
the  fweet  mercury  lofes  a  portion  of  mercury;  and  that 
in  confequence  it  gives  a  fmall  quantity  of  corrofive  fub- 
limate ;  and  that  by  repeated  fublimation s  we  may  com- 
pletely change  fweet  mercury  into  corrofive  fublimate. 
It  naturally  follows  from  this  laft  experiment,  that  the 
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medicine  called  panacea  of  mercury,  and  prepared  by 
fubliming  fweet  mercury  nine  times,  fo  far  from  being 
fweetened  by  thefe  operations,  as  the  mod  part  of  che°- 
mifts  and  phyficians  have  thought,  does  not  differ  at 
all  from  fweet  mercury.  This  laft  affertion  is  the 
more  true,  fince  in  every  fublimation  it  is  neceffary  to 
feparate  a  white  powder,  which  is  firft  raifed,  and  is  on- 
ly fome  corrofive  fublimate.  In  the  preparation  of  fweet 
mercury,  it  is  neceffary  to  obferve,  that  there  remains  in 
the  vials  a  reddifh  powder :  it  is  a  calx  of  iron,  arifing 
from  the  vitriol  of  iron,  which  is  ufed  in  commerce  to 
fublime  the  corrofive :  a  portion  of  this  calx  is  raifed 
•with  this  fait  in  the  fublimation  :  frequently  alfo  there 
are  found  bits  of  glafs  which  have  been  carried  over  by 
the  corrofive  fublimate  in  vapour.  Thefe  are  the  mofl 
mterefling  properties  of  this  neutral  fait:  let  us  refume 
the  examination  of  thofe  of  mercury,  which  are  as  yet 
not  known  to  us  *. 

Se- 

*  As  fweet  mercury  ia  a  medicine  much  employed  in  practice, 
and  troublefome  to  prepare  in  the  common  way,  it  may  be  agree- 
able to  infert  a  procefs,  which  has  lately  been  recommended  by  Mr 
Scheele  of  Sweden,  3s  it  is  eafier  and  more  expeditious.  The  pro- 
cefs is  to  mix  a  folution  of  mercury  in  nitrous  acid  with  a  folution 
of  common  fait  in  water.  Equal  parts  of  quickfilver  and  pure  aqua- 
fortis are  mixed  together  in  a  long-necked  matrafs,  which  is  to  be 
placed  in  a  fand  bath  :  the  heat  is  raifed  till  it  nearly  boil,  and 
kept  fo  three  or  four  hours,  and  then  it  is  made  to  boil  for  about 
twenty  minutes.  In  this  fiate  it  is  poured  into  the  folution  of  fait, 
which  is  alfo  at  a  boiling  heat,  care  being  taken  to  keep  the  mix- 
ture in  conftant  motion  till  the  whole  addition  be  made.  After  the 
precipitate  fettles,  the  clear  liquor  is  to  be  decanted  off,  and  th<*  pre- 
cipitate wafhed  with  hot  water  till  the  water  comes  off  taftclefs. 
The  proportion  of  the  ingredients  is, 

Aquafortis,  and  1   f  Common  fait,  three  parte 

Mercury,  of  each  four  parts  J  £  Water  forty  parts. 
The  precipitate,  prepared  according  to  this  procefs,  poffefTes  all  the 
properties  of  the  beft  fweet  mercury.  It  is  perfe&ly  infipid.  When 
fublimed,  the  fublimate  which  arifes  firft  fliows  no  marks  of  a  cor- 
rofive qnality.  When  the  precipitate  is  mixed  with  fome  frefh  quick- 
filver, there  is  none  of  the  quickfilver  taken  up,  which  would  be  the 
cafe  if  any  corrofive  fublimate  were  contained  in  the  precipitate.  It 
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Sedative  fait  does  not  immediately  diflblve  mercury, 
but  it  acts  in  a  very  remarkable  manner  upon  it  in  the 
(late  of  a  calx.  By  means  of  the  double  affinities  thefe 
two  fubfiances  are  made  to  combine.  By  pouring  a 
folution  of  borax  into  one  of  mercurial  nitre,  a  very 
copious  yellow  precipitate  falls,  which  M.  Monnet  fir  It 
made  known.  In  this  operation,  the  fixed  mineral  al- 
kali of  the  borax  unites  with  the  nitrous  acid,  and 
forms;  cubic  nitre;  whilft  the  fedative  fait  combined 
with  the  calx  of  mercury,  in  the  (late  of  a  neutral  fait 
not  very  foluble,  is  precipitated.  The  liquor,  when  fil- 
trated, affords,  by  evaporation,  fine  and  brilliant  pel- 
licles of  mercurial  fedative  fait.  This  fait,  expofed  to 
the  air,  becomes  perceptibly  green  :  fal  ammoniac  ren- 
ders it  very  foluble,  and  forms  with  it  a  compound  ana- 
lagous  to  fal  alembroth.  Lime-water  precipitates  it  yel- 
low, which  becomes  of  a  deep  red ;  and  the  fixed  alka- 
li, white.  According  to  Meffieurs  the  Academicians  of 
Dijon,  corrofive  fublimate  is  likewife  decompofed  by 
borax,  which  in  its  folution  produces  a  precipitate  of 
the  colour  of  bricks.  Water  made  to  boil  on  this  pre- 
cipitate becomes  milky  by  the  addition  of  the  fixed  al- 
kali ;  which  mows  that  it  contains  fome  mercurial  feda* 
tive  fait. 

We  do  not  know  what  action  the  fparry  acid  has  on 
mercury.  That  of  the  aerial  acid  is  likewife  very  little 
known.  It  is  only  known  that  the  acid  fpirit  of  chalk 
does  not  affeft  this  femimetal,  although  the  folutions  of 
mercury  decompofed  by  lime  and  the  aerated  alkalis  af- 
ford 

alfo  gives  a  black  colour  with  cauftic  alkali  and  lime-water,  like 
common  fweet  mercury  :  fo  that  this  precipitate  appears  equal  in  all 
refpefts  to  bed  prepared  fweet  mercury,  and  is  made  with  left 
trouble,  at  lefs  expencc,  and  without  employing  corrofive  fublimate. 
There  is  no  danger  of  its  being  corrofive  if  it  be  fufficiently  warn- 
ed with  water.  The  operator  is  not  expofed  to  the  noxious  dull 
which  nfes  from  the  truureof  the  corrofive  fublimate  with  thequick- 
filver  ;  and  the  powder  is  finer  than  any  which  can  be  made  from 
the  common  fubliracd  calomel  by  any  trituration  whatever. 
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ford  precipitates  very  different  from  thofe  produced  by 
the  fame  ialts  when  pure  and  cauftic  *. 

Mercury  does  not  feem  capable  of  altering  fal  am- 
moniac by  diftillation.  M.  Bucquet,  who  made  this  ex- 
periment, obferved  that  two  parts  of  mercury  were  not 
properly  extinguifhed  in  one  of  fal  ammoniac  ;  and  that 
this  mixture  did  not  give  over  any  volatile  alkali  by  di- 
ftillation. M.  le  Compte  de  Garaye,  however,  had  pre- 
pared with  thefe  two  fubftances  a  medicine,  which  he 
called  tinQure  of  mercury.  M.  Maquer,  who  has  exa- 
mined his  procefs,  Academy  of  Sciences,  An.  1755, 
p.  28.  found  it  entirely  conformable  to  what  be  had  ad- 
vanced. The  procefs  confifts  in  triturating  in  a  marble 
mortar  one  ounce  of  flowing  mercury  with  four  of  fal 
ammoniac ;  in  moiftening  the  mixture  with  a  little  wa- 
ter, till  the  mercury  be  properly  extinguifhed  ;  in  lea- 
ving it  expofed  to  the  air  for  five  or  fix  weeks,  taking 
care  to  agitate  it  from  time  to  time:  after  that,  it  is  tri- 
turated afrefh,  put  into  a  matrafs,  and  laid  on  a  fand 
bath,  with  fome  good  fpirit  of  wine,  which  mould  fwim 
above  the  powder  to  about  the  height  of  two  fingers : 
the  fpirit  of  wine  is  made  to  boil  gently.  The  fpirit  of 
wine  is  coloured  yellow,  and  contains  fome  mercury,  as 
it  whitens  a  plate  of  copper.  It  feems,  that  in  this  expe- 
riment, the  volatile  alkali  is  gradually  difengagedby  the 
mercury ;  that  fome  fal  alembroth  is  formed,  a  part  of 
which  is  diffolved  by  the  fpirit  of  wine  j  and  that  the 

dif- 

*  The  vegetable  acids  have  no  power  to  diffolve  mercury  in  its 
crude  ftate,  from  the  fmall  difpofition  they  fhow  to  attack  phlo- 
gifton.  But  when  the  mercury  has  been  calcined  by  long  expofure 
to  heat,  they  will  then  ad  upon  it ;  and  ftill  more  fo  if  the  mercury 
has  been  previoufly  diffolved  in  nitrous  acid,  and  precipitated  by 
means  of  an  alkali.  A  folution  may  alfo  be  made  by  the  interven- 
tion of  a  double  elective  attraction:  if  fome  diuretic  fait  and  mercu- 
rial nitre,  both  diffolved  in  water,  be  mixed  together,  the  alkali 
unites  with  the  nitrous  acid,  and  leaves  the  vegetable  acid  to  unite 
with  the  mercury.  This  new  compound  is  not  very  foluble  in  wa- 
ter. It  was  once  much  employed  in  medicine  under  the  name  of 
Keyfer's  pill ;  but  the  preparation  is  not  fo  much  valued  now,  and  is 
rather  falling  into  difufe. 
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different  quantity  of  mercury, -and  the  flow  action  du- 
ring maceration,  are  the  caufes  which  make  this  expe- 
riment differ  from  that  of  M.  Bucquet. 

Mercury  combines  very  well  with  fulphur.  When  one 
part  of  this  metallic  fluid  is  triturated  with  three  parts 
of  flowers  of  fulphur,  the  mercury  is  gradually  extin- 
guished, and  a  black  powder  refults,  called  athiops 
mineral,  whofe  colour  deepens  by  (landing.  The  com- 
bination is  effected  with  mote  rapidity  when  the  mer- 
cury is  mixed  with  the  fulphur  fufed  :  by  agitating  this 
mixture,  it  becomes  black,  and  takes  fire  very  eafily. 
When  we  intend  to  make  aethiops  of  it,  we  mould  with- 
draw it  from  the  fire,  and  extinguifh  the  flame  as 
foon  as  it  appears,  and  ftir  it  until  it  be  folid  and 
in  clots.    It  is  then  powdered  and  put  through  a  fil- 
ken  fieve.    iEthiops  is  not  the  moft  intimate  combi- 
nation which  fulphur  and  mercury  are  capable  of  form- 
ing.   When  this  compound  is  expofed  to  a  great  de- 
gree of  heat,  it  takes  fire,  the  greateft  part  of  the  ful- 
phur is  confumed,  and  after  this  combuftion  a  fub- 
ftance  remains  that  puts  on  a  violet  colour  when  pul- 
verized. The  powder  is  put  into  matraffes,  which  are 
heated  till  the  bottom  be  red:  in  this  flate  they  are  kept 
for  feveral  hours  until  the  matter  to  be  fublimed  is  per- 
ceived.   In  the  top  of  the  matrafs  is  found  fome  artifi- 
cial cinnabar  cryftallized  in  needles  of  a  brown  red. 
This  cinnabar  is  of  a  colour  not  fo  deep,  but  more  vi- 
vid, when  we  fublime  it  in  retorts.    The  Dutch  pre- 
pare in  great  the  cinnabar  which  is  employed  in  the 
arts.    This  compound  has  but  little  volatility,  and  re- 
quires a  ftrong  fire  for  fublimation.    When  it  is  very 
much  divided  in  the  porphyry,  it  affumes  a  brilliant  red 
colour.    It  is  then  called  vermilion.    If  we  heat  it  in 
open  veffels,  the  fulphur,  which  is  not  the  fourth  of  the 
whole  cinnabar,  is  confumed  gradually,  and  the  mercury 
is  volatilized.    Many  fubftances  are  capable  of  decom. 
poling .cinnabar,  on  account  of  the  affinity,  they  have 
with  lulphur :  lime  and  tfce  alkalis  have  this  property 

When 
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When  they  are  heated  with  this  fubftance  in  a  retort, 
in  the  proportion  of  two  parts  of  cinnabar  to  one  of 
thefe  falts,  we  obtain  flowing  mercury,  and  the  refi- 
duuin  is  fome  liver  of  fulphur.  M.  Baume  knew  alfo 
that  this  decompoiition  took  place  in  the  moid  way,  by 
boiling  fome  cinnabar,  ground,  in  the  folution  of  fixed 
vegetable  alkalis.  It  mould  be  remarked,  that  he  ufed 
only  the  mild  alkali.  Several  femimetals,  fuch  as  co- 
balt, bifmuth,  regulus  of  antimony,  iikewife  have  the 
property  of  detaching  the  fulphur  from  the  mercury.  It 
has  been  afferted,  that  almoft  all  the  metals,  lead,  tin, 
iron,  copper,  and  filver,  too,  have  more  affinity  with 
fulphur  than  mercury  has,  and  decompofe  cinnabar: 
they  may  then  be  employed  indifcriminately  to  fepa- 
parate  the  mercury  of  this  compound.  The  metallic 
fluid  obtained  by  this  procefs  is  perfectly  pure:  it  gets 
the  name  of  mercury  revived  from  cinnabar. 

Mercury  inftantly  decompofes  the  livers  of  fulphur; 
but  it  produces  different  phenomena,  according  to  the 
nature  of  thefe  compounds.  It  forms  an  sethiops  with 
the  alkaline  liver  of  fulphur.  This  asthiops  becomes 
red  in  a  few  years.  With  the  volatile  liver  of  fulphur, 
or  fuming  liquor  of  Boyle,  it  very  readily  changes  to  an 
sethiops ;  and  in  a  few  hours,  or  at  moil  a  in  few  days, 
this  sethiops  puts  on  a  fhining  red  colour,  and  produces 
a  pretty  cinnabar.  Turbith  mineral,  precipitate  perfi, 
red  precipitate,  and  all  the  calces  precipitated  from 
mercurial  folutions  by  the  alkalis,  more  or  lefs  readily 
exhibit  the  fame  phenomenon  with  the  fuming  liquor 
of  Boyle.  This  phenomenon  is  alfo  occafioned  by 
pouring  this  liquor  into  the  mercurial  folutions,  and  by 
expofing  the  black  precipitate  refulting  from  thefe 
mixtures  to  a  new  quantity  of  volatile  liver  of  ful~ 
phur. 

We  do  not  know  the  aftion  of  mercury  on  the  regu- 
lus of  arfenic.   Cobalt  does  not  unite  with  it.  Mer- 
cury very  eafily  diffolves  bifmuth,  which  combines  with 
it  in  all  proportions.    There  arifes  from  this  combina- 
r   r         ,  tion 
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tion  a  matter  brilliant,  friable,  and  more  or  lefs  folid 
according  to  the  quantity  of  hifmuth.     This  amalgam 
may  be  cryftallized  into  a  pyramid  with  four  fides, 
which  fometimes  unite  into  o&agons.    For  the  moft 
part  we  find  it  cryftallized  in  fmall  laminse,  which  have 
no  regular  form.    This  cryftallization  is  effected  by  fil- 
ling the  amalgam,  and  leaving  it  to  cool  flowly.  When- 
it  is  heated  in  a  retort,  it  does  not  part  without  great 
difficulty  with  the  mercury  which  diffolved  it.  Mer- 
cury does  not  unite  with  nickel  nor  with  regulus  of* 
antimony.    With  zinc  ift  combines  by  fufion.  The 
amalgam  which  it  forms  with  this  femimetal  is  folid : 
it  becomes  fluid  by  trituration.    When  it  is-  heated  and 
left  to  cool  flowly,  it  crytlallizes  into  laminae,  which 
feem  to  be  fquare  and  rounded  at  the  fides. 

:  Mercury  is  of  very  exteniive  ufe  in  the  arts  ;  fuch  as 
gilding,  tinning  of  glafs  plate,  the  conftruclion  of  meteo- 
rological instruments,  metallurgy,  &c.  In  medicine  this 
■mi metal  is  ufed  in  all  forts  of  forms. 

1.  Crude  mercury  was  formerly  employed  in  the 
volvulus.  It  is  boiled  in  water,  to  which  it  communi- 
cates the  property  of  being  a  vermifuge.  It  is  likewif© 
mixed  with  tots, -to  be  ufed  in  the  form  of  ointment  in 
venereal  complaints.  x 

2.  For  the  fame  complaints  turbith  mineral,  too,  in 
the  dofe  of  a  few  grains,  has  been  recommended.  This, 
medicine  is  emetic  and  purgative. 

3.  The  mercurial  water  is  ufed  by  the  furo-eons  as  a 
powerful-  efcharotic.  Red  precipitate  is  ufed  w  the  fame 
indication..  With  hog's-lard  and  the  nitrous  folution  of 
mercury,  we  prepare  the  unguentum  citrinum,  which 
cures  the  irch  very  well. 

4-  Corrofive  fublimate  has  been* recommended  by 
Baron  Van  Swieten  in  venereal  complaints.  A  few 
grains  are  diffolved  in  proof-fpirit,  and  the  folution  ta- 
ken in  lpoonfuls,  and  diluted  in  a  large  quantity  of  emol- 
lient drinks.  We  fliould  be  very  careful  about  the  ftate 
of  the.  ftomach  in  the  ufe  of  this  remedy,  which  re- 

YoL'L  Hh  .  quires 
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quires  great  prudence  to  manage.  Sweet  mercury  has 
been  given  in  the  dofe  of  twelve  or  fifteen  grains  as  a 
purgative,  and  in  that  of  three  or  four  as  an  alterant. 
The  aqua  phagedaenica  is  ufed  in  furgery  for  eating;  down 
proud  flefli,  &o.  6 

5.  Sedative  mercurial  fait  has  been  fuccefsfully  em- 
ployed in  venereal  complaints  by  M.  Chauffer,  junior 
of  the  academy  of  Dijon.  Journal  de  Phyfic,  torn.  vi. 
page  361.  rnd  torn.  ix.  page  348. 

6.  M.  Nicolas,  phyfician  at  Grenoble,  has  announ- 
ced to  the  Royal  Society  of  Medicine,  the  good  effects 
of  mercury  dhTolved  by  fixed  air,  in  the  fame  com- 
plaints ;  but  has  not  delcribed  the  procefs  for  the  pre- 
paration of  this  medicine. 

7.  Cinnabar  is  looked'  upon  as  an  antifpafmodic  and 
anodyne  :  it  makes  a  part  of  the  pulvis  temperans  of 
Stahl,  which  is  prepared,  according  to  the  Paris  Phar- 
macopoeia, by  accurately  mixing  three  gros  of  vitrio- 
lated  tartar  and  nitre  with  two  fcruples  of  artificial 
cinnabar.  The  fick  are  likewile  expofed  to  the  vapour 
of  cinnabar  ;:  and  hence  a  method  of  treating  venereal 
complaints  by  fumigation. 

All  the  mercurial  preparations  that  are  given  inward- 
ly, anfwer  many  other  cafes  befides  venereal  ones;  fuch. 
as  almofl  all  the  cutaneous  difeafes,  the  fcrophula,  lym- 
phatic obftruttions,  &c.     We  cannot,  however,  but 
obferve,  tliat  thefe  medicines,  and  particularly  the  fa- 
line  preparations  of  mercury,  mould  be  employed  by 
ikilled  and  wary  phyficians  ;    and  it  endangers  the 
health,,  and  even  the  life  of  mankind,  that  the  mercu- 
rial remedies  are  in  the  hands  of  fo  great  a  number  of 
perfons  who  are  deftitute  of  the  greateft  part  of  the 
knowledge,  neceffary  to  their  adminifiration,  not  only 
with  fuccel's,  but  even  without  danger.    We  have  been 
more  than  once  witnefies  of  the  unhappy  effects  of  thefe 
preparations,  occafioned  by  the  unfkilfulnefs  of  thofe 
who  had  employed  them,  with  the  affurance  which  ge- 
nerally/ 
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nerallv  accompanies  ignorance.  We  alfo  think  that 
this  object  is  fo  important  as  to  merit  the  attention  of 
government. 


LECTURE  XXXIV. 
Species  0.  Tin. 

TIN",  or  Jupiter  of  the  alchemifts,  is  an  imperfect: 
metal  of  a  white  colour,  more  briHiant  than  lead, 
but  lefs  fo  than  filver.    It  is  very  flexible  ;  and  in  this 
flexion  it  makes  afmall  noife,  called  crackling  of  tin  :  a 
phenomenon  which,  as  we  have  already  obferved,  is  pro- 
duced, though  not  fo  notably,  by  zinc;  and  hence  M.  Ma- 
louin  thought  this  femimetal  aproximated  in  its  nature  to 
tin.    This  noife  feems  to  depend  upon  the  feparation  or 
fudden  divifion  of  parts ;  and  to  indicate  a  fra&ure,  al- 
though tin  makes  very  little  refiflance  when  we  endea- 
vour to  bend  it.    Tin  is  the  lighten:  of  metals.    It  is 
foft  enough  to  be  fcratched  by  the  nail.    It  lofes  in 
water  about  a  feventh  of  its  weight.    It  has  a  very  fen- 
fible  fmell :  when  friction  or  heat  is  employed,  this  pro- 
perty becomes  more  remarkable.    It  has  alfo  a  dffa- 
greeable  tafte  peculiar  to  itfelf;  fo  very  i'trong,  that 
feveral  phyficians  have  afcribed  to  it  a  very  perceptible 
action  upon  the  animal  ceconomy ;  and  have  therefore 
recommended  it  in  feveral  difeafes.     On  account  of  its 
excefiive  foftnefs,  it  is  but  inconfiderably  fonorous.  Tin 
is  the  fecond  of  the  metals  in  the  order  of  their  d uti- 
lity :  it  may  be  made  into  plates  thinner  than  the  leaves 
of  paper,  which  are  of  great  ufe  in  feveral  arts.    Its  te- 
nacity is  fo  great,  that  a  tin  wire  a  tenth  of  an  inch  in 
diameter,  is  able  to  fupport  a  weight  of  forty- nine 
pounds  and  a  half  without  breaking.  M.  l'Abbe  Mongez 
could  not  effect  the  cryftallization  of  tin  :  but  M.  de 
la  Chenaye,  one  his  of  fcholars,  fucceeded  by  fufing  tin 
feveral  times.    By  this  means  he  obtained  a  rhombbdial 
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aflfemblage  of  prifms  or  needles  adhering  longitudi- 
nally. 

Mod  mineralogifls  are  ftill  doubtful  of  the  exiftence 
of  native  tin.  However,  fome  authors  atfure  us,  that 
it  has  been  found  in  Saxony,  Bohemia,  and  at  Malacca. 
It  is  ftrongly  alterted  alfo,  that  it  is  found  in  the  mines 
of  Cornwall :  and  M.  Sage  has  defcribed  a  fpecimen  of 
this  tin  which  was  given  him  by  M.  Wolfe  a  London 
chemift.  This  piece  is  grey  and  brilliant  in  its  fracture  j 
when  beat  on  the  anvil,  it  forms  brilliant  and  flexible 
plates  of  tin.  It  is  more  common  to  find  tin  in  the  (late 
of  a  white  calx,  heavy,  opaque,  and  cryflallized  in  oc- 
tagons, or  pyramids  with  four  fides.  Its  texture  is  la- 
minated and  fparry.  M.  Bucquet  confidered  it  as  a 
true  fpar  of  tin.  M.  Sage  is  of  opinion,  that  thefe  cry- 
-flals  are  minerallized  by  the  marine  acid :  perhaps  they 
are,  like  the  fparry  iron,  a  combination  of  the  calx  of  tin 
with  fixed  air.  This  white  tin  has  been  ranked  among 
the  number  of  iron  ores  by  M.  Cronftedt.  The  name 
of  tin  ores  has  been  given  efpecially  to  the  matters  of 
a  very  deep  red,  violet,  or  black  colour,  and  of  a  more 
confiderable  weight  than  that  of  all  the  other  mineral 
fubftances.  Thefe  ores  in  their  colour  and  form  greatly 
refemble  fhirl,  but  differ  from  it  in  their  weight  and  opa- 
city. They  are  fometimes  cryflallized  in  irregular  cubes, 
and  form  groups,  difperfed  in  a  matrix  of  quartz  or  of 
fufible  fpar.  They  are  frequently  in  mattes  without  any 
cryflallization.  Almoft  aft  the  naturalifts  are  agreed  in 
confidering  the  coloured  ores  of  tin  as  combinations 
with  artenic  ;  and  they  afcribe  their  enormous  weight 
to  the  abfence  of  fulphur.  M.  Sage  thinks  that  they 
contain  no  arfenic  at  all  ;  and  fays,  that  they  have  no 
need  of  being  roalted,  unlefs  they  contain  arfenical  py- 
rites, which  is  very  common.  No  tin  ores  are  found  in  j 
"France.  However,  M.  Baume  alleges  that  they  might 
be  found  about  Alen^n,  and  in  fome  villages  of  Bre- 
lagne;  becaufe  rock  cryftals  are  found  there,  which 
feern  to  be  coloured  by  this  metal.    The  countries 
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where  they  are  found  in  abundance,  and  where  they  are 
fmelted,  are  the  counties  of  Cornwal  and  Devonfhire 
in  England ;  Germany,  Bohemia,  Saxony,  Ifle  of  Banca, 
and  the  peninfula  of  Malacca  in  the  Eaft  Indies.  Seve- 
ral naturalifts  have  confidered  the  grenates  as  ores  of 
tin,  no  doubt  from  their  colour.  They  differ,  however, 
from  them  in  their  tranfparency  and  greater  lightnefs  ; 
and  befides,  Meff.  Bucquet  and  Sage  found  no  tin  in 
them. 

The  ores  of  tin,  then,  are  few  in  number,  and  may 
be  reduced  to  the  four  following. 

Varieties. 

1.  White  fparry  ores  of  tin,  in  eight-fided  cryftals. 

2.  Tin  ore  of  a  yellowifh  white,  often  coloured  and 
femitranfparent,  like  topazes. 

3.  Red  ore  of  tin,  in  more  or  lefs  regular  cubic  cry- 
ftals. 

4.  Black  ore  of  tin,  of  the  fame  form  as  the  pre- 
ceding. 

In  order  to  effay  an  ore  of  tin,  it  muft  be  divided 
into  different  pieces,  reduced  into  a  grofs  powder,  warn- 
ed,  and  roafted  in  a  covered  earthen  veffel,  taking  care  to 
uncover  it  from  time  to  time,  that  the  arfenic,  when  vo- 
latilized, may  carry  off  as  little  tin  as  poffible  ;  for  if  it 
is  roafted  in  an  open  fire,  it  parts  with  a  great  deal  of 
tin  along  with  this  femimetal,  as  Cramer  has  remarked. 
It  muft  alfo  be  roafted  quickly,  that  the  tin  may  not  be 
too  much  calcined.  M.  Baume,  in  order  to  remedy 
thefc  two  inconveniences,  propofes  mixing  it  with  pitch, 
which  reduces  a  portion  of  the  calx,  and  facilitates  the 
volatilization  of  the  arfenic.  The  ore  of  tin,  when 
once  roafted,  readily  fufes  in  a  crucible  with  three 
parts  of  black  flux  and  a  little  decrepitated  marine  fait. 
By  comparing  the  weights  of  the  ore  when  warned  and 
roafted,  and  of  the  metallic  button  obtained,  we  efti- 
mate  the  quantity  of  arfenic,  and  how  much  tin  it  Ihould 
afford  in  the  quintal,  frames  propofes  making  this 
effay  in  a  more  expeditious  way,  and  perhaps  with  lefs 
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lofs,  by  ufing  two  large  pieces  of  charred  linden  or  ha- 
zel  wood.  One  of  them  has  a  cavity  ferving  for  a  cru- 
cible, into  which  the  ore  of  tin  is  put  along  with  the 
pitch  ;  the  other  is  pierced  with  a  fmall  hole,  in  order 
to  give  ilfue  to  the  vapours,  and  is  laid  upon  the  other 
for  a  cover ;  they  are  kept  together  with  an  iron-wire, 
care  being  taken  to  lute  the  joinings.  A  fire  is  applied 
to  them  before  the  chimney  of  a  forge,  and  coals  ap- 
plied round  them.  As  foon  as  a  pretty  ftrong  fire  has 
been  raifed,  that  the  tin  might  have  been  fufed,  the  coals 
are  extinguimed  with  water,  and  the  tin  is  found  in  a 
button. 

The  great  works  of  tin  refemble  the  preceding  ope- 
ration. There  is  frequently  a  neceffity  of  kindling 
wood  fires  in  the  mine,  in  order  to  calcine  and  foften 
the  matrix,  which  is  very  hard  :  thefe  fires  difengage 
very  dangerous  vapours.  This  procefs  is  employed  in 
the  mountains  of  Geyer.  At  other  times  the  ores 
of  tin  are  found  in  fand,  at  a  fmall  depth,  as  at  Eiben- 
ftock.  The  pounded  ore  is  warned  in  veflels  with 
fmall  linen  partitions,  deftined  to  retain  the  metallic 
parts.  It  is  roafted  in  reverberating  furnaces,  to  which 
a  horizontal  chimney  is  joined  to  collecl:  the  fulphur  and 
arfenic.  It  is  then  fufed  in  the  air-furnace,  and  run  into 
moulds,  in  order  to  be  reduced  into  pigs.  In  Germany 
and  England  the  ores  of  tin  are  treated  in  nearly  the 
fame  way.  In  this  laft  country  this  metal  is  alloyed 
with  lead  and  copper,  according  to  Geoffrey,  and  none 
of  it  is  exported  pure.  From  England,  likewife,  a  tin 
comes,  like  ftalaclites,  called  tears  cf  tin,  which  are  fup- 
pofed  to  be  very  pure  ;  but  MelTrs  Bayen  and  Charlard 
affert  that  they  fometimes  contain  copper.  The  purelt 
of  all  is  that  which  comes  from  Malacca  and  Banca.  The 
full  has  been  run  into  moulds,  which  have  given  it  the 
form  of  a  truncated  quadrangular  pyramid,  with  a  fmall 
border  at  its  bafe ;  it  is  called  tin  in  hats  or  ftandijhcs. 
Every  ingot  weighs  about  a  pound.  The  fecond  is  in 
oblong  ingots,  from  45  to  50  pounds.  Thefe  two  kinds 
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of  tin  are  covered  with  a  grey  ruft  or  drofs  more  or 
lefs  thick. 

The  tin  which  comes  from  England,  and  which  is 
much  more  employed  than  the  pure  tin  of  the  Indies, 
on  account  of  its  lefs  value,  is  in  large  pigs  of  a'oout 
300  pounds.  It  is  alloyed  with  copper,  either  artificially 
according  to  Geoffroy,  or  naturally  according  to  the 
Baron  de  Dietrich.  To  promote  the  fale,  the  pcwterers 
run  them  into  fmall  ingots  or  rods,  from  nine  to  ten 
lines  in  circumference,  and  about  a  foot  and  a  half  long, 

Tin  expofed  to  the  fire  in  clofe  veffcls  fufes  very  ea- 
fily.    It  is  the  moft  fufible  of  the  metals.    It  remains 
fixed  fo  long  as  the  fire  is  not  augmented ;  but  this 
fixity  appears  to  be  only  relative;  for  upon  the- applica- 
tion of  a  confiderable  heat,  it  is  volatilized,  as  we  mail 
•prefently  take  notice.    If  it  is  heated  with  the  co'vact 
of  the  air,  its  furface,  as  foon  as  it  is  fufed,  is  covered 
with  a  dull  grey  pellicle,  wrinkled.     This  pellicle  being 
removed,  the  tin  below,  with  all  its  brilliancy,  is  found 
not  adhering  to  it ;  but  it  very  foon  changes.,  by  the 
formation  of  a  new  pellicle.    All  the  tin  may  then  be 
reduced  into  pellicles,  which  are  juft  the  calx  of  the 
metal,  or  a  combination  of  this  metal  with  the  air.  The 
tin,  in  its  calcination,  acquires  an  addition  of  a  tenth  of 
its  weight.    If  this  metal  is  heated  to  rednefs,  Geoffroy 
has  oblerved,  that  its  calx  is  carried  off  gradually  by  a 
very  vivid  white  flame,  which  he  compares  to  that  of 
zinc.    This  is  a  true  inflammation  m  rapid  -combuftion 
■of  this  metal  ;  at  the  fame  time,  a  flight  fmoke  of  vola- 
tilized tin  is  railed,  which  condeides  upon  cold  bodies 
like  a  whitiOi  needled  calx,  or  like  flowers  of  tin.  The 
grey  calx  of  tin  becomes  white  ;  if  it  is  expofed  anew 
to  the  action  of  the  fire,  it  unites  with  a  frefli  portion 
of  air,  and  is  more  completely  calcined.    In  this  ftate  it 
is  called  putty  of  tin.    If  it  is  made  to  undergo  an  ex- 
tremely violent  heat,  as  that  of  a  porcelain  furnace,  it  is 
fufceptible  of  fufing  into  a  glafs.    Meflieurs  Macquer 
and  Baume  have  obferved,  upon  treating  tin  in  a  cru- 
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cible  in  this  way,  that  a  part  was  changed  into  a  white 
and  needled  calx,  or  flowers  of  tin ;  that  another,  placed, 
below  the  firft,  was  a  hard  calx,  adhering,  redclifh,  and 
halt  fufed  ;  that  a  third  part  formed  a  glafs  of  the  co- 
lour or  the  ruby  or  hyacinth  ;  and  laftly,  that  there  was 
at  the  bottom  a  button  of  metallic  tin.  I  he  calx  of  tin 
requires  a  fire  of  the  molt  extreme  violence  for  its  con- 
verfioninto  a  glafs:  it  is  one  of  the  moft  refractory  glaffes. 
The  calx  or  putty  of  tin  may  be  decompofed  by  means 
of  animal  or  vegetable  combuftible  matters  which  at- 
tract the  air,  which  this  calx  contains,  and  reproduce 
the  metal  with  all  its  properties.  The  putty  of  tin, 
however,  feems  to  retain,  when  well  calcined,  the  air 
which  is  in  it,  as  it  is  reduced  with  great  difficulty,  re- 
quiring a  great  deal  of  combuftible  matter.  On  this 
account  M.  Baume  and  feveral  other  chemifts  are  of 
opinion,  that  when  the  tin  ores  have  fuffered  too  great 
a  heat  in  roafting,  there  is  a  portion  irreducible  into  a 
metal.  Tin  is  not  altered  much  by  the  air:  it  is  diffi- 
cultly, tarnifhed  even  when  it  is  very  pure.  That  of 
commerce  is  covered  all  over  with  a  grey  powder;  but 
which,  according  to  M.  Macquer,  is  always  very  flight 
at  the  furface,  and  never  penetrates  inwards,  as  in  cop- 
per and  iron. 

Water  does  not  dhTolve  tin ;  it  tarnifhes  and  cal- 
cines its  furface  in  length  of  time.  The  earthy  matters 
contract  no  union  witii  this  metal.  Its  calx,  which  is 
very  unfufible,  forms  neither  a  tranfparent  nor  coloured 
glafs  with  vitrefcent  fubftances  ;  but  as  it  is  very 
white,  it  may  be  interpofed  between  the  molecules  of  the 
glafs,  and  render  it  of  a  dull  very  opaque  white.  This 
kind  of  vitreous  frit  is  called  enamel.  Putty  of  tin,  on 
account  of  its  infufibility,  takes  the  tranfparency  away 
from  all  gkuTes,  and  makes  them  coloured  enamels. 

The  action  of  lime,  magnefia,  and  the  alkalis,  upon 
tin,  is  not  underftood  ;  however,  it  cannot  be  doubted 
fhat  thefe  laft  bodies  alter  it,  for  in  a  very  fliort  time 
they  put  on  the  colours  of  the  rainbow.  • 
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.  The  concentrated  vitriolic  acid,  or  oil  of  vitriol,  dif- 
folves,  according  to  Kunckel,  the  half  of  its  weight  of 
tin  :  this  folution  is  the  better  of  heat.    Without  any 
fenfible  motion  or  eflervefcence,  fome  very  pungent  ful- 
phureous  gas  is  difengaged.    In  this  experiment  the  tin 
attracts  the  air  of  the  acid  ;  on  this  account  it  is  readily 
calcined,  and  the  oil  of  vitriol  contains  enough  of  it,  fo 
as  to  fuller  precipitation  by  water.    Oil  of  vitriol,  di- 
luted with  a  little  water,  likewife  a  els  upon  tin  ;  but 
this  lolution  is  more  permanent,  and  lefs  apt  to  be  pre- 
cipitated by  water.    Spirit  of  vitriol,  or  weak  vitriolic 
acid,  does  not  diffolve  it.    In  this  combination  the  tin 
takes  fo  much  air  from  the  acid,  that  fulphur  is  very 
readily  produced.    This  fubftance  nccafions  a  brown 
colour  in  the  folution  when  it  is  hot,  but  it  falls  down 
when  the  liquor  cools.    Meflieurs  Macquer  and  Baume 
were  convinced  of  its  prefence  in  this  combination.  By 
applying  a  ftronger  heat  to  this  folution,  we  get  the  tin 
precipitated  in  a  white  calx.    The  fame  phenomenon 
takes  place  through  time,  and  without  the  aid  of  heat. 
This  folution  is  very  cauftic.    M.  Monnet  obtained 
cryftals  like  felenite  by  cooling,  or  like  fine  needles  in- 
terwoven with  one  another.  The  calx  of  tin  precipitated 
from  this  folution  by  repofe  and  heat,  is  foluble  in  the 
vitriolic  acid.    If  we  evaporate  to  drynefs  the  vitriolic 
folution  of  tin,  the  calx  then  obtained  is  grey,  very  irre- 
ducible, and  no  longer  foluble  in  this  acid.    The  alka- 
lis precipitate  the  tin  of  the  pureft  whitenefs. 

The  nitrous  acid  is  decompofed  with  a  fingular  ra- 
pidity, even  in  the  cold,  by  tin.  It  is  one  of  the  moffc 
rap.d  and  aftonifhing  folutions  in  chemiftry.  It  appears 
that  tin  has  a  very  flrong  tendency  to  unite  with  pure 
air  ;  and  as  the  nitrous  gas  has  not  by  far  fo  firm  an 
adhelion  to  the  pure  air  in  the  nitrous  acid,  as  the  ful- 
phur has  to  the  fame  air  in  the  vitriolic,  it  is  no  won- 
der that  the  dccompofition  of  the  nitrous  acid  by  tin  is 
•much  more  quick  and  brilk  than  that  of  the  vitriolic 
acid  by  the  fame  metal.    A  very  great  quantity  of  very 
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red  nitrous  gas  is  difengaged  with  a  prodigious  vivacity. 
I  have  alfo  obferved  that  this  combination  was  one  of 
the  mod  advantageous  means  of  obtaining  inftantly  a 
great  deal  of  this  gas.    The  tin  is  reduced  into  a  white 
powder,  or  into  a  calx;  which  M.  Macquer  in  vain  en- 
deavoured to  reduce  :  it  feems  from  this,  that  the  me- 
tal is  overcharged  with  air.    The  nitrous  acid  retains 
only  very  little  in  folution  ;  and  when  the  folution  is 
evaporated  to  obtain  the  cryftals  of  nitre  of  tin,  that 
which  was  diflblved  is  very  foon  precipitated,  and  the 
acid  remains  almofl:  pure.    M.  Bucquet,  in  his  Intro- 
duction to  the  Study  of  the  Mineral  Kingdom,  fays,  that 
.  from  this  folution  a  nitre  of  tin  may  be  obtained  very 
deliquefcent,  the  form  of  which  he  has  not  determined. 
He  likewife  afiures  us,  that  in  warning  the  calx  of  tin. 
produced  by  the  decompofition  of  the  nitrous  acid,  the 
water  diflblves  a  little  nitre  of  tin,  which  we  may  obtain 
by  evaporation.    The  nitrous  acid,  when  very  much 
diluted  with  water,  keeps  more  of  the  tin  diflblved;  but 
it  allows  this  calx  to  precipitate,  either  by  (landing  or 
by  heat.  M.  Bayen  and  M.  Charlard,  in  their  excellent 
refearches  on  tin,  have  difcovered,  that  when  the  nitrous 
acid  is  charged  with  all  the  tin  it  can  calcine,  to  that 
degree  that  the  acid  is  thick  and  incapable  of  acting  on 
a  new  addition,  we  obtain,  by  walhing  this  mafs  with  a 
great  quantity  of  diftilled  water,  and  evaporating  this  ley 
to  drynefs,  a  fait,  ftanno-nitrofus,  which  detonates  alone 
in  a  well-heated  pot,  and  which  bums  with  a  thick 
white  flame  like  that  of  phofphorus.    The  calx  of  tin 
well  walhcd,  gives,  by  exficcation,  a  femi-tranfparent 
mafs  refembling  fhells.     This  fal  ftanno-nitrofus,  di- 
ftilled in  a  retort,  bubbles  up,  and  at  once  fills  the  re- 
ceiver with  a  thick  and  white  vapour  with  a  nitrous 
odour. 

The  fuming  marine  acid  acls  well  upon  tin  :  the  tin 
diflblves  by  a  gentle  heat,  and  even  in  the  cold  :  it  itt- 
flantiy  lofes  its  colour  and  property  of  fuming.  The 
very  flight  effervefcence  which  takes  place  on  this  com- 
J  bination 
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bination  difengages  from  the  mixture  a  fetid  gas,  but 
which  does  not  refemble  the  fmell  of  arfenic,  as  fome 
chemifts  have  announced.  By  this  procefs  the  marine 
acid  can  take  up  more  than  the  half  of  its  weight  of  tin. 
The  folution  is  yellowifh ;  it  has  a  very  fetid  fmell.  There 
is  no  precipitate  of  calx  of  tin  from  it,  as  is  the  Gafe 
with  the  two  preceding  acids.  This  folution,  evapora- 
ted, furnilhes  brilliant  and  very  regular  needles,  which 
attract  a  fmall  humidity  from  the  air.  M.  Monnet  fays, 
that  thefe  needles,  after  having  difappeared  by  delique- 
fcence,  cryftallize,  and  remain  dry  in  the  air.  M. 
Baume,  who  prepared  the  fait  of  tin  in  great,  as  in 
the  dole  of  150  pounds  of  acid  upon  25  of  tin,  for  the 
manufactures  of  printed  cloths,  has  given  us  an  accu- 
rate detail,  of  fcveral  properties.  From  12  pounds  of 
tin,  diffolved  in  48  of  marine  acid,  he  got  two  ounces 
fix  gros  of  a  grey  powder,  which  he  could  not  diffolve 
in  a  pound  of  marine  acid,  which  he  digelled  along  with 
it  ieveral  days.  M.  Margraaf  believes  that  it  is  fome 
arfenic  ;  M.  Baume  did  not  examine  it.  He  compares 
the  fmell  of  this  concentrated  folution  to  the  black  earths 
extracted  from  privies  ;  and  he  remarks,  that  when  it 
falls  upon  the  fingers,  nothing  can  carry  off  the  metal- 
lic fmell  particular  to  tin,  which  it  communicates  to 
them,  and  that  it  is  fcarcely  diflipated  in  24  hours.  He 
obferves,  that,  according  to  the  ftate  of  the  acid,  the 
cryUals  of  the  fait  of  tin  are  different.  Frequently  they 
form  fmall  white  needles  :  the  fame  folution  afforded 
vvhh-e  Qiies,  and  of  a  rofe- colour.  This  laft,  puri- 
fied by  folution  and  evaporation,  gave,  after  cooling, 
thick  cryitals,  very  nearly  refembling  thofeof  Glauber's 
fait.  At  other  times,  by  employing  the  ordinary  ma- 
rine acid,  he  could  obtain  this  fait  only  in  fmall 
fcales  of  a  pearly  white,  refembling  thofc  of  fedative 
fait.  He  has  not  made  mention  of  the  action  of  the  fire 
on  this  fait.  M.  Monnet,  who  diftilled  the  marine  folu- 
tion of  tin,  declares  that  he  obtained  a  greafy  matter, 
very  fufible  and  gelatinous ;  in  fhort,  a  true  butter  of 
2  tin, 
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tin,  and  a  fuming  liquor  fimilarto  that  of  Libavius  ;  of 
which  we  mall  fpeak  afterwards.  This  fact  agrees  with 
what  M.  Macquer  obferved  of  a  folution  of  tin  in  the 
marine  acid,  which  alrnoil  wholly  cryftallized  during 
the  winter,  and  again  became  fluid  in  the  fummer :  a 
property  which  is  likewife  found  in  the  butter  of  tin,  as 
mail  be  taken  notice  of.  This  illuftrious  chemift  has 
alfo  obferved,  that  in  a  few  years  this  folution  afforded  a 
white  depofition.  -The  combination  of  the  marine  acid 
and  tin  gives  a  much  more  copious  precipitate  than  the 
other  folutions  do  with  the  alkalis  and  lime  :  the  alka- 
lis re'-diffolve  a  part  of  the  precipitated  calx,  and  become 
of  a  yellow  brown  colour.  M.  Bay  en  and  Charlard,  by 
diffolving  the  Englifh  tin  in  large  pigs,  and  all  the 
impure  tin  in  general  in  the  marine  acid,  have  difco- 
vered  fome  regulus  of  arfenic  in  this  femhnetal.  When 
it  contains  any  of  it,  in  proportion  as  the  acid  ads  on 
the  tin,  the  metal  aflumes  a  black  colour  ;  and  when  it 
is  entirely  diffolved,  there  remains  a  blackifh  powder, 
which  is  fome  arfenic,  either  pure,  or  united  with  a  little 
copper.  Therefore,  this  acid  may  be  employed  to  de- 
tect the  prefence  and  the  quantity  of  regulus  of  arfenic 
which  tin  contains. 

Aqua  regia,  made  with  two  parts  of  nitrous,  and  one 
of  marine  acid,  combines  with  tin  with  effervefcence. 
A  brink  heat  is  excited,  which  it  is  neceffary  to  dimi- 
nifh,  by  putting  the  mixture  into  cold  water.  In  order  to 
make  a  durable  folution  of  tin  in  aqua  regia,  we  muft  be 
cautious  to  add  the  metal  only  by  degrees,  and  wait  till 
the  firfl  addition  be  entirely  diffolved :  if  we  put  it  in 
all  at  once,  a  great  part  of  it  will  be  calcined.  In  this 
manner  aqua  regia  may  be  impregnated  with  half  its 
weight  of  tin.  This  folution  is  of  a  reddifh  brown  :  it 
has  only  a  fmall  tafte  ;  it  forms  often  in  a  few  minutes  a 
gelly,  moveable  and  vifcous  like  a  refin.  In  a  few  days 
this  fubftance  becomes  more  folid,  and  may  be  cut  like 
a  folid  animal  gelly.  It  is  tranfparent,  of  a  clear  colour; 
fometimes  the  colour  is  more  deep.    Some  portions 
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Exhibit  the  femitranfparency  and  whitenefs  of  the  opal; 
it  emits  a  pungent  odour  of  marine  acid,  but  which  has 
not  the  fetor  of  the  marine  folution.  1  have  kept  fome 
of  it  for  more  than  two  years  in  a  bottle  carelefsly  fhut : 
it  loft  nothing  of  its  folidity  and  tranfparency.  The  fo- 
lution of  tin  in  aqua  regia  mud  be  impregnated  with 
a  very  great  deal  of  metal  to  form  a  gelly.  Sometimes 
by  adding  to  it  half  its  weight  of  water,  it  concretes, 
though  it  was  by  no  means  fo  before  :  but  then  this  gel- 
ly, made  by  means  of  water,  is  the  colour  of  the  opal : 
becaufe,  according  to  the  remark  of  M.  Macquer,  this 
folution  being  fufceptible  of  decompofition  by  water,  a 
portion  of  the  calx  of  tin  which  is  precipitated  de- 
ftroys  the  tranfparency  of  the  jelly.  This  learned  che- 
mift  has  alfo  obferved,  that  if  we  heat  a  folution  of  tin 
in  aqua,  regia,  an  effervefcenc'e  enfues,  in  confequence 
of  the  re-action  of  the  aqua  regia  on  the  metal,  upon 
which  it  has  not  exhaufted  all  its  action.  This  folu- 
tion then  lofes  all  its  colour,  and  grows  fixed  when  it 
cools.  The  gelly,  which  it  forms  in  this  cafe,  is  molt 
beautifully  tranfparent.  Frequently,  by  allowing  a 
liquid  folution  of  tin  to  (land  for  a  time,  cryftals  in 
fmall  needles  are  depofited.  They  have  not  yet  been 
examined,  nor  the  gas  difengaged  during  the  action 
of  aqua  regia  upon  tin.  Meff.  Bayen  and  Charlard 
have  found  that  this  folvent  may  alfo  anfwer  as  a 
teft  to  difcover  the  pfefence  of  reguline  arfenic  in  tin  ; 
but  as  it  has  a  very  fenfible  action  on  this  femimetal,  it 
did  not  determine  the  quantity  with  fo  much  precifion 
as  the  marine  acid  did.  The  action  of  the  other  acids  on 
tin  is  not  known  *. 

The 

*  M.  Margraaf  made  a  very  accurate  fet  of  experiments  to  afcertain 
the  folnbility  of  tin  in  the  vegetable  acid.  After  repeated  trials  with 
the  purelt  tin,  tin  free  from  the  admixture  of  any  other  metallic 
fubftrance,  he  found  that  both  common  vinegar  and  diftilled  vineo-ar 
dtffolvcd  tin  in  confutable  quantity.  It  was  not  even  necefTary°to 
apply  the  acid  in  a  ftroDg  ftate,  as  common  vinegar,  diluted  with 
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The  detonation  of  this  metal  with  nitre  is  very  rapid. 
To  do  this  we  fufe  and  redden  it  obfcurely  in  a  crucible : 
and  upon  it  we  project  fome  very  dry  nitre  in  powder. 
A  white  and  brilliant  flame  is  produced.  When  by  a 
farther  addition  there  is  no  detonation,  the  tin  is  en- 
tirely calcined.  The  white  powder  remaining  contains 
fome  alkali,  rendered  cauftic  by  the  action  of  the  calx 
of  tin,  which  is  even  combined  with  a  certain  quantity 
of  it.  After  it  is  warned,  the  tin  may  be  precipitated  by 
an  acid.  If  the  grey  calx  of  tin  fufes  with  the  nitre,  as 
Geoffroy  has  obferved,  it  is  becaufe  it  (till  contains  fome 
tin,  which  is  only  much  divided :  for  by  taking  a  per- 
fect calx  of  this  metal,  as,  for  inftance,  that  which  has 
been  for  a  long  time  heated,  and  which  is  very  white, 
or  rather  that  formed  by  the  acids,  we  do  not  obferve 
the  fame  phenomenon. 

,  Tin  very  readily  decompofes  fal  ammoniac :  fome 
volatile  very  cauftic  alkali  is  difengaged  in  the  ft  ate  of 
a  gas.  M.  Bucquet,  who  made  experiments  refpecting 
the  decompofition  of  fal  ammoniac  by  means  of  the 
metallic  fubftances  and  their  calxes,  obferves,  that 
much  inflammable  gas  is  extricated  by  the  reaction  of 
the  tin  on  the  marine  acid.  According  to  the  experi- 
ments of  this  learned  chemift,  the  metals  decompofe 
this  fait  in  confequence  of  the  action  which  the  marine 
acid  has  upon  them.  As  we  have  feen  that  the  marine 
acid  has  a  great  affinity  with  tin,  we  may  hence  con- 
clude, that  the  theory  given  by  M.  Bucquet  is  very 
fatisfactory,  and  quite  agreeable  to  facts.  Glauber  had 
announced,  that  his  fecret  ammoniacal  fait  was  decom- 
pofed  by  tin;  but  this  decompofition  is  not  completed, 
according  to  M.  Pott,  who  repeated  Glauber's  experi- 
ments ;  undoubtedly  becaufe  the  vitriolic  acid  has  lefs 
affinity  with  tin  than  the  marine  acid  has.  'M.  Bucquet 
1  alfo 

water,  was  found  fufficiently  flrong  to  anfwer  the  purpofe.  M.  Mar- 
graaf,  being  fatisficd  of  the  fa&,  did  not  trouble  himfelf  with  iludy, 
ing  the  properties  of  thia  folutionj  fo  that  it  remains  as  yet  unknown 
to  us. 
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alio  obferved,  that  the  tin,  as  it  is  very  fofible,  is  collec- 
ted in  a  button  at  the  bottom  of  the  retort  ;  and  that, 
confequently,  the  fal  ammoniac  is  not  fo  complexly  de- 
compofed  as  it  might  be  by  this  metal.  On  which  ac- 
count tin  does  not  decompofe  this  fait  fo  perfectly  as 
the  metals  do  which  are  not  fo  fufible.  The  refiduum 
of  this  decomposition  is  a  -ftannum  corneum,  or  butter 
of  tin,  fufceptible  of  decompofition  by  water,  and  fimi- 
lar  to  that  which  is  formed  with  corrofive  fublimate  and 
this  metal ;  of  which  we  fhall  take  more  notice  after- 
wards. 

Tineafily  combines  with  fulphur,  by  throwing  one  or 
two  parts  of  this  combuftible  fubftancr  in  powder  upon 
five  or  fix  of  tin,  fufed  in  an  iron  hddle  :  the  mixture, 
agitated  with  an  iron  fpattula,  turns  black  and  inflames. 
If  it  is  fufed  in  a  crucible,  a  brittle  mats  is  formed,  dif- 
pofed  in  flat  needles  united  in  bundles.  This  combina- 
tion is  much  more  difficult  to  be  fufed  than  the  tin,  as 
is  the  cafe  with  all  the  foft  and  fufible  metals  combined 
with  fulphur  *.  But  what  is  of  molt  importance  to  re- 
mark 

*  Befides  the  mixture  of  tin  and  fulphur  mentioned  byM.  Four- 
croy,  this  metal  may  be  combined  with  a  much  larger  quanti- 
ty of  fulphur,  by  mean9  of  mercury,  which  promotes  a  more  mi- 
nute divifion  of  parts,  and  more  intimate  union  with  the  fulphur. 
For  this  purpofc,  tin  is  amalgamated  with  half  its  weight  of  mer- 
cury, and  the  amalgam,  when  cold,  mixed  with  half  it3  weight  offal 
ammoniac  and  half  its  weight  of  fulphur.  The  whole  ingredients 
are  well  rubbed  together,  and  then  put  into  a  retort  to  fublime. 
Some  fal  ammoniac  and' cinnabar  rife  firlt,  and  then  fome  gold  co- 
loured flakes,  which  are  the  tin  u-nited  with  a  large  portion  of  ful- 
phur. One  hundred  parts  of  tin  contain  abuur/forty  of  fulphur. 
This  preparation  is  extremely  beautiful,  and  is  employed  by  artills 
to  bronze  ftatues,  and  to  imitate  the  mining  fpangles  of  lapis  lazuli, 
Mr  Bergman  lately  received  the  fpecimen  of  a  mineral  fubftance 
from  Siberia,  which  proved  to  be  a  native  combination  of  tin  and 
fcrtphur.  It  conliftcd  of  a  nucleus  about  the  fize  of  a  walnut,  co- 
vered over  with  mining  yellow  fpangles.  The  nucleus  was  ccmpofed 
of  tin  and  fulphur  united  in  one  proportion,  and  the  crults  of  the 
fame  ingredients  differently  proportioned.  As  yet  this  is  the  only 
»Q(lance  known  of  tin  mincrahicd  with,  fulphur:  and  from  the 
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mark  is,  that  though  tin  is  eafily  alloyed  with  fulphu'r 
by  fufion,  nature  never  prefenrs  it  in  this  fhte.  It  is 
quite  the  inverfe  of  zinc,  which  is  frequently  found  in 
its  ores^ combined  with  fulphur,  and  cannot  be  united 
with  it  in  our  laboratories.  Nature  in  its  operations  of- 
ten differs  widely  from  art  :  but  if  it  fometimes  forms 
combinations  which  art  cannot  imitate,  art  likewife 
forms  compounds,  of  which  nature  does  not  furnilh  an 
example. 

Arfenic  unites  with  tin  by  fufion  only  in  a  fmall  de* 
gree,  becaufe  it  is  in  a  great  meafure  diflipated.  The 
arfenical  neutral  fait  combines  better  with  it;  and 
M.  Baume'has  obferved,  that,  from  this  combination,  in 
which  the  arfenic  leaves  the  alkali  to  unite  with  the  tin, 
there  refults  a  brittle  button,  which  is  very  brilliant,  and 
difpofed  in  facets  like  the  regulus  of  antimony.-  From 
the  experiments  which  M.  Margraaf  has  made  on  the 
union  of  tin  with  arfenic  by  diftillation,  w"e  learn  that  a 
part  of  the  arfenic  is  reduced  to  its  reguline  ftate, 
whilft  a  portion  of  the  tin  is  calcined  :  that  the  tin 
united  with  the  arfenic  cannot  be  feparated  from  it  by 
the  action  of  the  molt  violent  fire  :  and  that  as  the  ores 
of  tin  contain  a  good  deal  of  this  femimetal,  it  is  pro- 
bable that  the  tin  always  contains  a  part  of  it,  which 
renders  the  ufe  of  it  dangerous  in  kitchen  utenfils.  In 
diftilling  the  calx  of  tin  charged  with  arfenic,  M.  Mar- 
graaf obtained  a  fmall  quantity  of  a  liquor  which  had 
the  fmell  of  phofphovus.  Since  the  experiments  of 
the  Berlin  chemift,  Meff.  Bayen  and  Charlard  have 
examined  the  combination  of  arfenic  and  tin.  They  ob- 
ferved, that  the  calx  of  arfenic,  limply  called  arfenic, 
cannot  combine  With  tin,  except  fo  much  of  it  as  pafles 
to  the  metallic  ftate;  and  that  the  combination  of  arfe- 
nic and  tin  fucceeds  much  better  by  ufing  the  regulus 
of  arfenic.  If  we  put  into  a  retort  three  ounces  fix  gros 
of  tin  with  two  gros  of  regulus  of  arfenic  in  grofs 

powder ; 

great  abundance  of  both  in  nature,  it  is  lingular  that  this  combina- 
tion fhould  be  fo  rare. 
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powder  •  and  if,  after  adapting  a  recipient,  we  heat  the 
retort  till  it  is  reddened,  fcarce  two  grains  of  arfeilic 
are  railed  into  the  neck  of  the  veffel  ;  and  wre  find  in 
the  bottom  of  the  retort  a  metallic  button  weighing 
four  ounces.  This  alloy,  which  contains  a  fixteenth  of 
regulus  of  arfenic,  is  cryitallifed  in  large  facets  like 
bifmuth  :  it  is  more  brittle  than  zinc,  and  more  diffi- 
cult to  fufe  than  tin  ;  it  afterwards  foftens  ;  and  if  we 
touch  it  in  this  ftate  with  an  iron  rod,  we  hear  a  noife, 
produced  by  the  friction  of  its  laminae  on  one  another. 
When  in  fufion  it  is  clammy,  and  it  fumes,  gradually 
lofing  the  regulus  of  arfenic  which  is  combined  with  it. 

Cobalt  unites  by  fufion  with  tin,  and  forms  an  alloy 
in  fmall  fine  grains  of  a  flightly  violet  colour.  Tin  and 
bifmuth,  according  to  M.  Gellert,  give  a  brittle  alloy 
tn  cubic  facets.  The  pewterers  fometimes  add  this 
metal  to  tin  to  give  it  whitenefs  and  hardnefs.  As 
it  communicates  to  it  a  confiderable  inflexibility,  and 
as  it  is  dearer  than  zinc,  which  produces  the  fame 
effects  upon  tin,  the  workmen  cannot  employ  more 
than  a  pound  or  a  pound  and  a  half  in  the  hundred 
weight,  and  we  have  nothing  to  fear  from  its  effects  on 
the  animal  ceconomy ;  effe&s  which,  the  remarkable  ana- 
logy of  bifmuth  with  lead  in  all  its  properties,  leads  us 
to  fufpe£t  are  fimilar  to  thofe  of  this  dangerous  femi- 
metal.  We  may  feparate  the  bifmuth  from  the  tin  by 
means  of  the  marine  acid,  which  difTolves  the  tin,  and 
leaves  the  bifmuth  in  the  form  of  a  black  powder,  pro- 
vided it  is  employed  weak.  Aqua  regia  produces  the 
fame  effeel:  when  it  is  diluted.  The  regulus  of  an- 
timony united  to  this  metal,  according  to  M.  Gel- 
lert, forms  a  very  brittle  white  metal,  whofe  fpecific 
weight  is  lefs  than  that  of  thefe  two  metallic  fubitances 
weighed  feparately.  Zinc  alloys  very  well  with  tin,  and 
forms  a  hard  metal  in  fmall  fine  grains,  pofleffing  the 
greater  ductility  proportionally  to  the  quantity  of  tin. 
M.  Cronftedt  afferts,  that  nickel  combined  with  tin 
forms  a  white  and  brilliant  mafs ;  which  being  calcined 
under  a  muffle,  rifes  in  the  form  of  vegetation. 
.  Vol.  I.  I  i  Mer- 
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Mercury  diffolves  tin  with  great  facility,  and  in  all 
proportions.  To  make  this  combination,  we  pour  the 
mercury  upon  fufed  tin.  The  amalgam  refulting  dif- 
fers in  folidity  according  to  the  proportions  of  thefe  two 
metallic  fubftances.  There  was  formerly  made,  with 
four  parts  of  tin  and  one  of  mercury,  an  amalgam 
which  was  run  into  balls,  and  which  became  folid  by 
cooling.  Thefe  balls  were  fufpended  in  water  to  purify 
it.  As  the  water  was  likewife  made  to  boil,  it  was  up- 
on the  ebullition  only  that  the  precipitation  of  the  fo- 
reign matters  which  altered  it,  depended.  The  amal- 
gam of  tin  is  fufceptible  of  cryftallifing.  It  forms  Imall 
fquare  cryftals,  as  M.  Daubenton  obferved  upon  the 
amalgam  of  tin  which  he  employed  to  fliut  up  fome 
glafs-veffels  in  the  king's  garden. 

M.  Sage  fays,  that  thefe  cryftals  are  grey,  brilliant,  in 
leafy  laminse,  made  thin  towards  their  fides,  and  lea- 
ving between  them  polygonal  cavities.  Tin  has  more 
affinity  with  the  marine  acid  than  mercury  has,  and  de- 
compofes  corrofive  fublimate.  To  effecl  this  decompo- 
fition,  we  divide  the  tin  by  means  of  a  fmall  portion  of 
mercury  :  we  triturate  three  equal  parts  of  this  amalgam 
and  corrofive  fublimate,  and  diftii  this  mixture  in  a 
glafs  retort  with  a  gentle  heat.  At  firft  there  paffes 
over  a  colourlefs  liquor,  and  then  with  a  kind  of  explo- 
fion  a  white  thick  vapour  riles,  which  lines  the  fides 
of  the  receiver  with  a  very  (lender  cruft.  This  vapour 
condenfes  into  a  tranfparent  liquor,  which  emits  a  thick, 
white,  and  very  copious  fume,  and  which  has  received 
the  name  of  fuming  liquor  of  Libavius.  It  is  a  combi- 
nation of  the  marine  acid  with  tin,  in  which  the  acid 
feems  to  be  more  abundant  than  the  calx  of  tin.  This 
liquor,  contained  in  a  vial,  difcovers  no  vapours.  A 
certain  quantity,  however,  is  difengaged,  which  depo- 
fites  the  calx  of  tin  in  needle-like  cryftals  upon  the 
upper  part  of  the  vial,  and  the  extremity  of  the  neck  is 
found  to  be  completely  fhut  up  in  a  few  minutes.  There 
is  alfo  precipitated  a  little  calx  at  the  bottom  of  the  li- 
quor in  the  form  of  irregular  leaves,    It  has  a  very  pe- 
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netrating  fmell,  which  excites  coughing.  It  cannot  be  de- 
compofed  by  water,  becaufe,  as  M.  Bucquet  has  remark- 
ed, it  is  not  overcharged  with  the  calx  of  tin.  We 
fhould  likewife  obferve,  that  the  vapours  which  it  emits 
are  invifible,  unlefs  they  come  in  contact  with  the  air. 
It  feems  that  they  are  formed  of  a  gas  of  a  particular  na- 
ture, which  is  decompofed  by  the  air,  and  which,  by 
its  contact,  leaves  the  calx  of  tin  to  be  precipitated,  as 
the  fparry  acid  gas  leaves  the  quartzy  earth  to  be  preci- 
pitated by  the  contact  of  water,  and  as  the  hepatic  gas 
of  Mr  Bergman  depofites  forne  fulphur  on  expofure  to 
air.  Might  this  be  a  combination  of  marine  acid  gas  and 
of  the  calx  of  tin  ?  When  we  pour  the  fuming  liquor  of 
Libavius,  recently  prepared,  into  diltilled  water,  itocca- 
fions  a  fmall  noife,  like  that  produced  by  oil  of  vitriol 
when  it  unites  with  water.  Small,  irregular,  tranfparent 
molecules  are  difengaged,  which  appear  to  have  no  adhe- 
rence to  the  water.  By  examining  clofely  what  paffes 
in  the  mixture,  we  obferve  a  bubble  efcape  from  thefe 
molecules,  which  burfts  at  the  furface  of  the  water,  and 
expands  into  vapour,  which  grows  white  by  contact  of  the 
air.  By  agitating  the  water,  thefe  molecules  very  .foon 
diffolve,  and  the  folution  no  longer  emits  vapours. 
M.  Macquer  fays,  that  by  diluting  this  fuming  liquor 
with  a  great  quantity  of  water,  a  calx  of  tin  is  precipi- 
tated in  fmall  white  and  light  tufts.  The  gas  of  the 
fuming  liquor  poifeffes  but  a  fmall  degree  of  elafticity; 
it  never  raifes  the  (topper  of  the  phial  in  which  it  is 
kept,  as  happens  to  the  nitrous  and  marine  acids,  vo- 
latile alkali,  &c.  The  refiduum,  after  diftillation,  pre- 
sents as  many  interefting  phenomena  as  the  liquor  itfelf. 
The  roof  and  the  neck  of  the  retort  are  covered  with  a 
flender  white  and  grey  layer,  which,  according  to  the 
experiments  of  M.  Rouelle  junior,  contains  a  little  fu- 
ming liquor,  fome  ftannum  corneum,  fweet  mercury, 
and  likewife  fome  flowing  mercury.  In  the  bottom  of 
the  velfel  is  an  amalgam  of  mercury  and  tin,  above 
which  is  found  a  ftannum  corneum  of  a  greyifli  white 
colour,  folid  and  compaft,  which  may  be  volatilized  by 
i  I  ?2  a 
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a  more  intenfe  heat.  If  we  put  this  fubftance  into  a 
retort,  it  fufes  and  feparates  into  two  layers  ;  the  one 
black,  laid  under  the  other,  which  is  white,  and  re- 
fembles  the  former  ftannum  corneum.  Perhaps  the 
name  of  butter  of  tin  might  more  properly,  than  that 
of  ftannum  corneum,  be  given  to  thefc  combinations. 
M.  Rouelle  feems  to  fufpecl,  that  thefe  two  fubftances, 
which  differ  from  one  another,  and  do  not  mix,  are  ow- 
ing to  the  alloy  contained  in  the  tin.  The  more  this 
metal  is  alloyed,  according  to  this  able  chemift,  the  icfs 
fuming  liquor  is  obtained.  Stannum  corneum  attracts 
humidity  from  the  air,  and  diffolves  very  well  in  water: 
which  property  diftinguifties  it  from  plumbum  corneum. 
Upon  the  combination  of  tin  with  the  marine  acid, 
M.  Baumehas  given  us  a  theory,  which  quite  refembles 
that  of  Meffrs  Scheele  and  Bergman,  {Experimental 
Chemiftry,  Vol.  II.  p.  506 — 512.)  He  thinks  that  the 
marine  acid  lofes  its  phlogifton  in  this  operation,  as 
thefe  chemifts  fuppofe  this  acid  to  be  deprived  of  it  by 
being  diftilled  over  from  the  calx  of  manganefe.  He 
fufpecls  that  this  acid  might  be  obtained  perfectly  pure 
by  diftilling  the  fuming  liquor  of  Libavius  ;  by  which 
it  appears,  that  he  looks  upon  the  marine  acid  as  over- 
charged with  phlogifton.  M.  Baume,  then,  from  this 
obfervation,  anticipates  M.  Scheele  in  the  difcovery  of 
the  two  ftates  of  the  marine  acid.  The  ufes  of  tin  are 
very  various.  It  is  ufed  in  a  great  number  of  arts  ;  it 
ferves  as  the  lining  of  many  veflels,  the  pipes  of  or- 
gans, Sec. 

Its  amalgam  is  ufed  to  tin  over  glaffes.  The  bra- 
ziers'ufe  ir,  alloyed  with  lead,  to  tin  their  copper.  It 
is  alloyed  with  copper  to  compofe  the  metal  for  bells 
and  ftatues.  The  pewterers  combine  it  with  bifmuth, 
regulus  of  antimony,  lead,  and  copper,  for  the  prepa- 
ration of  all  kinds  of  utenfils,  which  are  eafily  altered 
by  the  air.  The  putty  of  tin  is  ufed  to  polifti  many 
hard  bodies.  It  is  fufed  with  the  calx  of  lead  and  with 
fand,  to  make  enamel,  as  well  as  the  covering  of  earthen 
ware.    The  marine  fait  of  tin,  cryftallized,  is  ufeful  in 
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the  bufinefs  of  painting  cloths :  its  folution  in  aqua  re- 
gia  exalts  the  tin&ure  of  cochineal,  of  gum  lac,  &c. 
turning  its  colour  to  that  of  the  ftrongeft  fire.  The 
dyers  ufe  this  folution,  which  they  call  compofition,  to 
make  fcarlet.  When  it  is  mixed  with  thefe  tinctures 
in  the  tub,  a  precipitate  is  formed,  which  carries  along1 
the  colouring  matter,  and  depofites  it  upon  the  fluff 
which  we  are  dyeing.  This  obfervation  is  owing  to 
M.  Macquer,  whofe  labours  have  rendered  great  fervices 
to  this  art. 

The  ufe  of  tin  in  kitchen  utenfils,  has  been  looked 
upon  by  fome  chemifts  to  be  very  dangerous.  M.  Na- 
vier,  in  his  work  upon  the  counter  poifons,  fays,  that  the 
ragouts  in  which  tin  fpoons  have  been  left,  and  likewife 
fugar  contained  in  a  vefTel  of  this  metal,  have  poifoned 
i'everal  perfons :  thefe  fatal  effects;  have  been  almoft 
univerfally  afcribed  to  the  arfenic  which  M.  GeofFroy, 
1738,  had  announced  to  be  contained  in  tin,  and  which 
M.  Margraaf  fuppofed  he  found  in  the  raoft  pure  tins, 
and  even  in  a  very  confiderable  quantity. 

But  the  works  of  Meffrs  Bayen  and  Charlard,  al- 
ready cited,  diffipated  all  apprehenfions  excited  on  this 
point.  By  the  moft  decifive  experiments,  they  have 
proved,  1.  That  the  quantity  of  arfenic  extracted  by 
M.  Margraaf  from  the  tin  of  Morlaix,  which  exceeded 
half  a  drachm  in  the  half  ounce,  would  be  much  more 
than  fufficient  to  deprive  the  metal  of  its  peculiar  foft- 
nefs  and  flexibility,  and  to  render  it  as  brittle  as  zinc. 
2.  That  the  tins  of  Banca  and  Malacca  do  not  contain 
an  atom  of  this  dangerous  femimetal.  3.  That  the 
Englim  tin  in  large  pigs  affords,  by  the  action  of  the 
marine  acid,  a  fmall  quantity  of  a  blackifh  powder,  fre- 
quently mixed  with  copper  and  arfenic  ;  in  which  pow- 
der this  laft  femimetal  never  exceeded  three  quar- 
ters of  a  grain  in  the  ounce  of  tin,  and  often  not  fo 
much.  4.  That  the  mixture  which  the  pewterers  make 
of  the  thick  Englifh  pigs  with  the  pure  tins  of  Malacca 
or  Banca,  ftill  diminifhes  this  dofe.  5.  That  the  re- 
gulus  of  arfenic,  combined  with  the  tin,  lofes  a  part  of 
1  I  i  3  its 
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its  properties,  and  of  its  corrofive  action.  Laftly,  that 
the  fmall  quantity  of  tin  alloyed,  which  can  enter  the 
aliments  by  the  daily  ufe  of  utenfils  of  this  metal,  can- 
not influence  the  animal  ceconomy  ;  fince,  according  to 
calculation  what  a  plate  of  tin  had  loft  in  two  years, 
there  had  not  been  altogether  wafted  more  than  three 
grains  per  month  ;  and  confequently  the  576qthpart  of 
a  grain  of  regulus  of  arfenic  in  the  day  ;  upon  the  fup- 
pofition  that  the  wrought  tin  of  Paris  contained  as 
much  of  this  poifonous  femirnetal  as  the  plate  of  Lon- 
don tin  ufed  in  the  experiment  contained. 

Let  us  obferve,  that  if  the  Parifian  chemifts  do  not 
altogether  agree  with  M.  Margraaf,  it  may  be  owing  to 
the  difference  which  fubfifts  between  the  tin  of  Saxony, 
which  M.  Margraaf  ufed  in  his  experiments,  and  between 
the  tin  employed  in  France,  which  is  imported  from  the 
Indies  and  from  England. 

Several  phyficians,  who  have  made  a  ftudy  of  the  me- 
tallic fubftances  confidered  as  medicines,  have  already 
owned  the  innocence  of  this  metal,  and  even  advifed 
the  ufe  of  it  in  filings  in  difeafes  of  the  liver,  of  the 
womb,  and  in  the  cafe  of  worms.  Schulz,  in  his  dif- 
fertation  on  the  ufe  of  veffels  made  of  this  metal  in  the 
preparation  of  our  food  and  of  medicines,  looked  upon 
pure  tin  as  very  falutary.  M.  Lapoterie  has  converted 
the  calx  of  tin  into  a  medicine,  which  he  fays  is  and* 
heftic  ;  and  which  is  nothing  elfe  but  a  ley  ot  a  calx 
of  the  regulus  of  antimony  and  of  tin,  formed  by  the 
detonation  of  nitre.  The  alkali  which  the  water  dif- 
folves  always*  retains  a  portion  of  metallic  calx. 

Tin  has  been  recommended  as  a  vermifuge.  I  have 
been  affured  that  it  was  employed  in  large  dofes,  and 
with  great  fuccefs,  at  Edinburgh.  Some  families  in 
the  country  are  in  the  practice  of  infufing  in  the  cold, 
for  twenty-four  hours,  fome  fweet  wine  in  a  tin  veflel ; 
a  glafs  of  which  liquor  they  give  their  children  which 
have  been  troubled  with  worms.  M.  Navier  faw  a  girl 
of  fifteen  or  fixteen  years  of  age,  void  thirty  worms, 
With  copious  ftools3  a  few  hours  after  ilie  had  taken  a 
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fimilar  drink.  This  medicine  then  ads  as  a  violent 
purgative. 


LECTURE  XXXV. 
Species  10.  Lead. 

LEAD  is  an  imperfect  metal,  of  a  dull  white,  a  little 
inclining  to  blue.    The  alchemifts  gave  it  the 
'  name  of  Saturn.   It  is  the  leaft  ductile,  the  lead  elaftic, 
and  the  leaft  fonorous  of  all  the  metals.    It  may  be  re- 
duced into  thin  laminae  by  the  hammer.    No  metallic 
fubftance  has  lefs  tenacity  than  it.    A  thread  of  lead  of 
one-tenth  of  an  inch  in  diameter  fupports  only  29^  lbs. 
weight  without  breaking.  It  is  the  third  heavieft  of  the 
metals.    A  cubic  foot  of  lead  weighs  828  pounds.  In 
water  it  lofes  between  one-eleventh  and  one- twelfth  of 
its  weight  :  it  is  very  foft,  and  is  very  eafily  cut  with  a 
knife  ;  it  has  a  very  remarkable  particular  fmell,  which 
becomes  much  more  fo  by  friction  :  its  tafte  is  but  very 
weak  on  the  palate,  but  difcovers  its  qualities  in  the 
ftomach  and  inteftines,  irritating  their  nerves,  and  pro- 
ducing at  firft  pains,  convuliions,  and  then  ftupor  and 
palfy.    It  is  fufceptible  of  a  regular  form.    M.  l'Abbe 
Mongez  has  obtained  it  in  quadi  angular  pyramids  lying 
on  the  fide ;  fo  that  of  the  four  fur  faces  there  was  al- 
ways one  of  a  great  extent,  whofe  bafe  widened  as  the 
pyramid  lengthened.    Each  pyramid  is  compofed  of 
layers  or  zones  of  other  fmall  pyramids,  ending  gene- 
rally with  a  fingle  one  pointed.  Lead  is  found  rarely  na- 
tive.   Meffieurs  Waller  and  Linnaeus  admit  of  its  being 
to  be  found  in  this  ftate.  Its  exiftence  is  denied  by 
M.  Cronftedt,  Jufti,  and  others.  It  is  found  for  the  moft 
part  in  an  earthy  ftate,  or  in  the  ftate  of  an  ore  united 
with  fulphur,  and  forming  galena.  The  mines  of  lead  are 
commonly  at  very  great  depths  in  the  earth  ;  they  are 
fuuated  in  the  mountains  or  in  the  plains.  Naturalifts 
have  diftinguiflied  a  great  number  of  kinds  of  ores  of 
lead.  The  moft  eflential  to  be  known  are  the  following. 

I  i  4  U 


LECTURES  ON 


r.  Ochre  of  lead.  It  is  a  kind  of  clay,  of  a  leaden 
colour,  mixed  with  a  fmall  quantity  of  ochre  of  iron. 

2.  Natural  cerufs.  It  feems  to  take  its  rife  from  an 
ore  of  lead,  reduced  by  water  to  the  flate  of  a  white 
earth. 

3.  White  fparry  lead.  This  is  a  calx  of  lead,  flowly 
depofited  by  the  waters,  and  cryftallized.  This  lead 
fometimes  has  a  femi-tranfparency  like  fpar.  Its  cryf- 
tals  are  generally  truncated  hexaedral  prifms,  or  cylin- 
drical columns  ftriated,  and  which  feem  to  be  compofed 
of  a  great  number  of  filaments,  or  they  are  fmall  very 
fine  needles.  Some  of  it  is  found  which  is  of  a  brilliant 
white,  like  the  foft  gypfum.  There  are  other  fpecimens 
of  a  yellowifh  white.  Some  of  its  prifms  are  frequently 
fiftulous.  White  fparry  lead  is  to  be  found  in  great 
plenty  in  Bafle-Bretagne,  in  the  mines  of  Huelgoat,  and 
of  Poullaouen.  M.  Sage  had  announced  that  the  white 
lead  was  lead  mineralized  by  the  marine  acid.  M.  La- 
borie  has  afferted  that  it  was  only  a  pure  earth  of  lead, 
united  to  fixed  air  or  the  chalky  acid,  and  cryftallized 
by  water.  The  Academy  of  Sciences  of  Paris  having 
repeated  the  experiments  of  thefe  two  chemifts,  has 
adopted  the  opinion  of  Laborie  ;  and  M.  Macquer  has 
taken  notice  of  it  in  his  Dictionary,  in  the  article  Ores 
of  Lead.  Sparry  lead  is  always  found  in  the  fame  places 
with  the  galena  ;  •  and  it  appears  that  it  is  only  a  decom- 
pofition  of  this  ore  which  has  parted  with  its  fulphur, 
and  whofe  lead  has  been  calcined  ;  for  it  is  not  rare  to 
find  galenas  which  are  beginning  to,  pafs  to  the  flate  of 
white  lead,  as*M.  Rome  de  Lille  has  very  well  obferved. 
Some  chemifts  have  admitted  a  black  ore  of  lead  ;  this 
is  white  lead  altered  by  fome  hepatic  vapours,  which 
metallize  it :  it  may  be  regarded  as  an  intermediate 
fpecies  between  white  lead  and  galena. 

4.  Green  fparry  lead.  This  mineral  is  of  a  green, 
more  or  lefs  tranfparent,  for  the  moft  part  yellowifh, 
always  mixed  with  ochre  and  bog-iron.  It  has  frequently 
no  regular  form,  and  reprefents  a  kind  of  mofs.  Of 
(his  kind  generally  are  the  fpecimens  of  the  ores  of 
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Hoffsgrund,  near  Fribourg  in  Brefgaw.  Green  lead  is 
generally  cryftallized  in  hexaedral  truncated  prifms,  or 
in  prifms  terminated  by  fix-fided  pyramids,  either  entire 
or  cut  near  to  their  bafe.  A  great  quantity  of  it  is  found 
at  Sainte-Marie-aux  mines,  at  Tfehoppau  in  Saxony.  It 
is  probable  that  this  lead  owes  its  green  colour  to  the 
admixture  with  iron,  it  being  always  found  in  the  mines 
of  this  metal.  Mr  Spielman  is  of  opinion  that  it  is  cop- 
per which  colours  it. 

5.  Red  fparry  lead.  This  lead  is  very  rare.  M.  Leh- 
man, anno  1776,  difcovered  a  fpecies  of  it  cryftal- 
lized in  four-fided  rhomboidal  pyramids,  fhort  and  trun- 
cated obliquely.  It  was  found  in  a  mine  of  Siberia. 
Some  of  it  has  been  fince  found  in  feveral  other  mines. 
It  is  generally  of  a  very  lively  red,  and  affumes  very 
rarely  a  cryftalline  form.  Some  of  it,  however,  is  found 
at  Sainte-Marie-aux-Mines,  which  is  cryftallized  in 
prifms  like  white  fparry  lead.  M.  Lehman  attributes 
the  red  colour  of  this  lead  to  iron. 

6.  Galena.  This  is  the  true  ore  of  lead,  or  the  com- 
bination.of  this  metal  with  fulphur.  Thefe  ores  are  all 
very  heavy.  They  have  very  nearly  the  coforn-ancbap- 
pearance  of  lead,  but  are  more  brilliant  and  very  brittle. 
A  great  number  of  varieties  are  diftinguifhed  in  the  ga- 
lena ;  namely, 

1.  Cubic  galena.  Its  cubes,  which  are  more  or  lefs 
thick,  are  found  either  ifolated  or  adhering. 
Some  of  it  is  found  often  whofe  angles  are  trun- 
cated :  it  is  common  at-Freyberg. 

2.  Matty  galena.  This  is  what  is  in  a  mafs  without 
any  regular  figure.  This  kind  is  very  frequent 
at  Sainte-Marie. 

3.  Galena  with  great  facets.  It  feems  not  to  form 
regular  cryftals,  but  is  all  compofed  of  great  la- 
minae. 

4.  Galena  in  fmall  facets.  This  galena  appears 
formed,  like  the  mica,  of  fmall,  white,  and  very 
brilliant  fcales.  It  is  called  white  ore  of  fdver, 
becaufe  it  contains  a  great  quantity  of  this  me- 
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tal.  Such  is  that  of  the  mines  of  Pompean  in 
Bretagne. 

5.  Galena  in  fmall  grains  ;  fo  called,  becaufc  it 
prefents  a  very  compact  grain :  it  is  very  rich  in 
filver,  and  is  found  along  with  the  preceding. 
In  general,  all  the  galenas  contain  filver.  There 
are  few,  except  that  of  Carinthia,  which  are 
found  not  to  contain  fome  of  it.  But  it  has  been 
obferved,  that  the  galena,  whofe  facets  or  grains 
were  fmalleft,  yielded  the  greateft  quantity  of  it. 
It  feems  that  the  filver  being  in  fome  meafure  a 
body  foreign  to  the  combination  of  the  galena, 
deranges  the  regular  cryftallization  of  this  ore. 

6.  Galena,  ftriated,  or  like  antimony :  it  feems 
maffy  externally ;  but  its  fracture  exhibits  flat 
and  brilliant  needles  like  thofe  of  antimony. 

7.  Galena  cryftallized  like  fparry  lead,  in  hexago- 
nal prifms  or  cylindrical  columns.  Like  the  pre- 
ceding, it  is  found  in  the  mines  of  Huelgoat  in 
Low  Bretagne.  It  is  not  rich  in  filver;  and 
feems  to  be  only  fome  fparry  lead,  which  jhas  been 
mineralized  without  having  fuffered  any  altera- 
tion of  form.  And  indeed  there  are  fometimes 
obferved  upon  the  fame  piece  cryltals  of  pure 
fparry  lead,  entirely  covered  with  a  very  fine  ga- 
lena;  others  which  are  abfolutely  changed  into 
galena,  even  in  the  inner  part  of  their  prifms. 
M.  Rome  de  Lifle  poffeffes  feveral  of  this  kind. 
In  my  cabinet  I  have  a  fpecimen  of  a  white  ore  of 
lead,  whofe  bafe  of  the  prifms  is  abfolutely  in 
the  ftate  of  galena,  and  demonftrates  the  change 
which  I  mention. 

Galena  is  found  frequently  placed  between  two  bor- 
ders of  black  ochry  quartz,  which  contains  a  great  deal 
of  filver,  though  this  metal  is  not  apparent  in  it.  M.  lc 
Chevalier  de  Dolomieu,  who  has  the  merit  of  this  ob- 
fervation,  prefumes,  that  the  lead  was  at  firft  mixed 
with  the  filver ;  but  that  water  having  carried  along 
this  imperfect  metal,  left  the  fine  metal  in  the  matrix. 
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M.  Monnet  fays,  that  he  discovered  that  the  galena  is 
vitriolized  like  a  pyrites ;  and  that  he  extracted  a  true 
vitriol  of  lead  from  the  warning  of  this  ore,  the  furface 
of  which  was  whitened,  and  as  if  covered  with  flowers  *. 

As  almoff.  all  the  ores  of  lead  contain  a  very  great 
quantity  of  filver,  it  becomes  important  to  effay  them 
with  accuracy.  To  this  end,  after  having  pounded  and 
warned  a  certain  quantity  of  ore,  parcelled  out,  it  is 
roafted  with  care  in  a  covered  head,  left  it  mould  jump 
about.  Galena  lofes  little  by  the  roafting.  The  weight 
of  it  is  found  after  it  has  undergone  this  operation ;  and 
it  is  fufed  with  three  times  its  weight  of  black  flux  and 
a  little  decrepitated  fea-falt.  The  fixed  alkali  of  the 
black  flux  abforbs  the  fulphur  which  was  combined  with 
the  lead  :  the  charcoal  of  the  tartar,  which  makes  a  part 
of  the  lame  flux,  ferves  to  reduce  the  portion  of  the 
metal  which  is  in  the  ftate  of  a  calx ;  and  the  fea-falt 
prevents  the  evaporation  of  the  contents  of  the  crucible. 
After  fufion  there  is  found  a  button  of  lead,  which  is 
carefully  weighed  ;  after  that,  the  lead  is  calcined  and 
vitrefied  upon  a  cupel,  to  feparate  the  filver  which  it 
contains.  We  cannot  depend  greatly  upon  the  fidelity 
of  this  effay ;  becaufe  the  alkali,  which  is  employed  as 
a  flux,  forms,  with  the  fulphur  of  the  galena,  a  liver  of 
fulphur,  which  diffolves  a  portion  of  the  lead.  Befides, 
fo  expenfive  a  reducing  flux  as  the  black  flux  cannot  be 
ufed  in  the  great  works.  It  is  then  neceffary  to  fet 
about  fufing  the  ore  acrofs  coals  in  a  reverberatory  fur- 
nace, either  alone,  or  by  the  addition  of  fome  unexpen- 
five  materials,  as  a  little  iron  and  glafs-gail,  to  abforb 
the  fulphur. 

At  Pompean,  in  order  to  fmelt  an  ore  of  lead  con- 
taining 

.  * .Lead  ,'8.?oun(J  alf°  mineralized  with  the  phofphoric  acid.  Tin's 
is  ot  a  greenilh  colour,  from  the  mixture  of  iron,  and  does  not  effer- 
yefce  with  acids.  The  effay  is  made  by  diffolving  the  metallic  fait 
in  the  nitrous  acid,  and  precipitating  the  lead  by  the  vitriolic.  A 
hundred  and  thirty-feven  grains  of  this  precipitate  are  equivalent  to 
IhrfJhSctcM!  '  and  theli^or8'  operated  to  drynefs,  give  the 
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taining  filver,  it  is  pounded  at  the  ftamping-mill ;  it  is 
wafhed  with  great  care  upon  tables,  and  carried  to  an 
air-furnace  ;  or  it  is  roafted  at  firft  by  means  of  a  gentle 
heat,  and  then  is  fufed  by  augmenting  the  fire.  The 
fufed  lead  is  got  out  of  the  furnace  by  a  hole,  which 
correfponds  with  one  of  the  fides  of  its  cavity,  and 
which  has  been  (hut  up  with  clay.  The  lead  is  mould- 
ed in  pigs,  and  called  enriched  lead.  It  contains  fome 
filver.  To  free  it  from  this  metal,  the  enriched  lead  is 
carried  into  another  furnace,  the  bottom  of  which  is 
covered  with  well-warned,  fifted,  and  beat  cinders.  At 
one  of  the  fides  of  the  cavity  . of  this  furnace  two  large 
bellows  are  placed,  in  oppofite  directions,  to  which  there 
are  two  furrows,  for  the  defcent  of  the  litharge.  When 
the  furnace  is  heated,  the  lead  is  calcined ;  a  part  eva- 
porates, and  fublimes  into  the  fmall  chimneys,  which  are 
above  the  ways  of  the  litharge :  another  part  is  abforb- 
ed  by  the  floor  of  the  furnace ;  a  third  portion,  and  it 
is  the  moft  confiderable,  is  calcined,  and  even  vitrefied, 
in  part:  it  gets  the  name  of  litharge:  it  is  driven  out 
of  the  furnace  by  means  of  the  bellows,  which  likewife 
facilitate  the  vitrification  of  the  lead  by  the  quantity  of 
air  which  they  pour  upon  this  metal  in  fufion.  When 
the  litharge  has  been  calcined  by  a  moderate  fire,  it  is 
in  a  red  fcaly  powder  :  it  is  called  vendible  lead,  becaufe 
it  is  fold  in  this  ftate ;  or  litharge  of  gold,  on  account  of 
its  colour.  If  the  litharge  has  undergone  a  ftronger 
heat,  it  is  more  advanced  towards  vitrification,  and  of 
a  pale  colour :  it  is  then  called  litharge  of  filver.  At  laft, 
when  the  furnace  is  heated  ftrongly,  the  litharge  rifes 
moft  completely,  and  flows  in  the  form  of  irregular  (ta- 
la&ites  :  this  is  what  is  called  pure  litharge.  When  the 
operation  is  ended,  in  the  furnace  there  remains  fome 
filver,  which  was  contained  in  the  lead.  This  filver  re- 
quires to  be  refined,  but  in  fmall  mafles,  in  order  that 
it  may  be  deprived  of  the  lead  which  it  retains. 

The  lead  which  has  been  calcined  by  the  refining  is 
then  fufed  acrofs  coals ;  and  it  contains  but  a  few  atoms 
of  filver.    It  is  run  down  in  pigs,  and  may  afterwards 

be 
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be  expofed  to  fale.  The  fparry  lead  is  fufed  among  the 
coals  in  the  fame  manner  as  the  calx  of  lead. 

Lead  expofed  to  the  fire  fufes  long  before  it  is  red. 
It  requires,  in  order  to  be  kept  in  fufion,  even  fo  flight 
a  heat  that  the  hand  may  be  immerfed  into  ir,  when  it 
fufes,  without  fullering  any  pain ;  in  this  flate  it  does 
not  burn  vegetable  fubltances.  It  poffeffes  but  a  fmall 
degree  of  volatility :  however,  it  is  volatile  in  a  very 
ftrong  fire,  and  it  fumes  and  is  reduced  into  vapours, 
like  the  moft  fixed  metals.  If,  when  it  has  been  fufed, 
we  leave  it  to  cool  very  flowly,  and  pour  ofF  the  fufed 
portion  from  that  which  has  become  folid,  it  is  found 
cryftallized  in  quadrangular  pyramids,  which  we  have 
already  defcribed. 

Lead  fufed  with  the  contact  of  the  air  is  covered  with 
a  grey  and  dull  pellicle.  This  pellicle  is  carefully  taken 
oil';  and  it  is  reduced  by  agitation  into  a  calx  of  a 
greenifh  grey,  inclining  a  little  to  yellow.  This  calx, 
feparated  by  the  fieve  from  the  little  giains  of  lead, 
which  are  found  mixed  with  it,  and  after  that  expofed 
to  a  more  violent  fire  capable  of  reddening  it,  becomes 
of  a  deep  yellow  :  in  this  ftate  it  is  called  majlicot.  This 
heated  flowly  with  a  gentle  fire,  affumes  a  fine  red,  and 
bears  the  name  of  minium.  If  we  heat  the  mafticot 
very  ftrongly,  it  fufes  into  a  glafs,  and  does  not  afford 
minium. 

Lead  in  its  calcination  increafes  in  weight  near  I  o 
pounds  in  the  hundred.  It  is  this  augmentation  of 
weight,  as  much  as  the  neceffity  of  air  for  this  opera- 
tion, which  led  Jean  Rey,  a  phyfician  of  Perigourdin,  to 
fufpeft  that  the  air  fixed  in  this  metal  during  its  cal- 
cination. Dr  Prieftley  has  confirmed  the  opinion  of 
Jean  Rey,  by  extrafting  pure  air  from  minium.  The  calx: 
of  lead,  though  very  much  coloured,  lofes  this  colour 
entirely  :  if  the  minium  be  heated  a  little  too  ftrongly 
It  grows  pale :  if  we  urge  it  alone  with  the  fire,  it  fufes 
into  a  tranfparent  glafs,  fo  fufible  that  it  penetrates  all 
the  crucibles,  and  efcapes,  without  being  able  to  be  re- 
tamed  ;  but  by  adding  one  part  of  fand  to  three  part 
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of  calx  of  lead,  the  fand  is  fufed  by  means  of  this  cab: 
into  a  beautiful  glafs  of  the  colour  of  amber.  The  hue 
of  this  glafs  is  lefs  deep,  and  imitates  the  colour  of  the 
topaz,  when  two  parts  of  calx  of  lead  and  one  of  fand 
or  powdered  flint  are  fufed  together.  A  lefs  quantity 
of  calx  of  lead  added  to  common  glafs,  does  not  alter  its 
tranfparency,  but  increafes  its  weight,  and  gives  it  a 
fort  of  unctuofity,  which  renders  it  lufceptible  of  being 
cut  and  poliihed  more  eafily  without  calking.  This 
glafs  is  very  proper  to  make  achromatic  glaffes  :  but  it 
is  very  fubject  to  have  ftrise  and  a  gelatinous  afpect. 
The  Englim  call  it  fl'int-glafs.  Our  merchants  have  a 
good  deal  of  difficulty  in  finding  not  very  large  pieces 
exempt  from  thefe  ftrise  in  that  which  they  import  from 
England.  It  feems  that  this  inconvenience,  which  is 
very  great,  depends,  as  .M.  Macquer  fuppofes,  upon 
this,  that  the  principles  of  this  glafs  are  not  uniform- 
ly combined.  For  this  purpofe  it  would  require  to  be 
a  long  time  kept  in  fufion  :  but  as  the  lead  then  difli- 
pates,  the  flint-glafs  lofes  a  part  of  its  denfity  and  of 
this  uncluofity,  which  give  it  its  reputation. 

Although  all  the  phenomena  of  the  calcination  and 
of  the  vitrification  of  lead,  announce  that  this  metal 
unites  with  very  great  facility  and  readinefs  with  pure 
air,  it  is,  however,  one  of  the  metallic  fubftances 
which  has  the  fmalleft  adheflon  with  this  principle,  fince 
it  feparates  by  the  atfion  of  the  fire  alone,  asDr  Prieft- 
ley  has  demonftrated.  If  fome  minium  is  ftrongly  heat- 
ed  in  a  retort,  fome  pure  air  comes  over,  and  a  portion 
of  minium  is  obfervedto  be  reduced  to  its  metallic  date. 
All  the  calces,  and  even  the  glaffes  of  lead,  are  very 
eafily  decompofed  by  the  combuftible  fubftances :  it  is 
fufficient  to  mix  them  with  fome  charcoal,  fuet,  greafe, 
oil,  refin,  or  in  fhort  any  inflammable  fubftances  and 
to  heat  them  fome  time,  and  a  button  of  lead  is  obtain- 
ed. This  metal,  therefore,  has  lefs  affinity  with  pure 
air  than  moft  other  metallic  fubftances  have  :  and  the- 
it  has  fome  properties  fimilar  to  thofe  of  tin,  in  its  cal- 
cination and  redudion  it  is  abfolutely  the  inverie. 
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Thefe  phenomena  prove  more  and  more,  what  we  have 
advanced  as  one  of  the  laws  of  the  affinity  of  compo- 
fnion  ;  namely,  that  we  mud  not  judge  of  the  degree 
of  affinity  between  two  bodies  by  the  facility  with 
which  they  combine,  but  much  rather  by  the  diffiulty 
which  we  feel  in  difuniting  them. 

Lead  expofed  to  the  air  tarnimes  fo  much  the  more 
eafily  as  the  air  is  more  humid.  It-  contracts  a  white 
rud,  which  the  water  gradually  carries  off :  it  is  not 
certain  if  this  white  powder  with  which  it  is  covered 
is  a  pure  calx  of  lead,  or  if  it  is  not  combined  with  the 
aerial  acid  contained  in  the  atmofphere.  The  filver 
which  is  extracted  from  old  leads  that  have  remained 
for  a  long  time  expofed  to  the  air,  is  owing  to  the  lead, 
which  has  not  been  refined  at  the  proper  time,  being 
in  part  calcined  by  the  action  of  the  atmofpheric  acid  ; 
fo  that  the  filver  which  has  not  been  feparated  remains 
without  alteration,  and  its  proportion  augments  accor- 
ding to  the  quantity  of  deftroyed  metal. 

Water  alters  lead,  particularly  that  which  is  charged 
with  faline  matters  :  the  fides  of  the  veflels  for  carrying 
water  are  covered  with  a  whitifh  cruft,  whofe  nature 
has  not  been  examined. 

Lead  unites  with  the  earthy  fubftances  only  in  its 
ftate  of  a  calx. 

We  are  not  certain  of  the  aftion  of  lime  and  the  cau- 
ftic  alkalis  upon  lead  *. 

Lime  is  foluble  in  all  the  acids.  Oil  of  vitriol  at- 
tacks it  only  when  boiling,  and  when  the  lead  is  in 
fmall  laminae:  fome  gas  and  volatile  fulphureous  fpirit 
anfe.  When  the  acid  is  entirely  evaporated,  the  mix- 
ture  is  white  and  dry  ;  by  warning  with  diftilled  water, 
it  feparates  into  two  portions.  The  molt  confiderable 
portion  is  infoluble  in  water  :  it  is  a  calx  of  lead  formed 

by 

*  Cauftic  alkaline  lixivia,  boiled  on  plates  of  lead,  diffolve  a 
lmall  portion,  and  corrode  a  confiderable  quantity.  The  folmion 
ttains  hair  black.  Lead  fufed  with  fixed  alkaline  falta  is  in  part 
corroded  into  a  dark-coloured  fcoria,  which  is  partially  foluble  in 
water.  *  * 
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by  the  air,  of  which  the  metal  deprived  the  oil  of  VI' 
triol,  difengaging  it  under  the  form  of  fulphureous  gas. 
This  calx  may  be  fufed  or  reduced  like  that  which  has 
been  made  by  the  combined  action  of  fire  and  air. 
The  fmall  portion  which  the  water  diflblved  is  a  combi- 
nation of  vitriolic  acid  and  calx  of  lead  :  this  folution 
evaporated  gives  fmall  needles  of  vitriol  of  lead.  Me  If. 
Baume  and  Bucquet  defigned  this  fait  only  under  this 
form.  M.  Monnet  has  obtained  it  fometimes  in  prif- 
matic  and  fhort  columns.  The  opinions  of  M.  Sage 
and  of  this  chemift  nearly  coincide,  fince  M.  Sage  fays 
that  the  vitriol  of  lead  gives  cryftalsin  four-iided  prifms. 

This  fait  is  very  cauftic  and  very  deliquefeent. 

It  is  decompofed  by  fire,  lime,  and  the  alkalis. 

The  nitrous  acid  feems  to  aft  very  ftrongly  upon 
lead. 

When  this  acid  is  very  concentrated,  the  lead  is  very 
readily  reduced  to  a  white  calx  by  means  of  the  air 
which  is  feparated  from  the  acid,  at  the  fame  time  that 
the  nitrous  gas  is  diffipated :  but  if  the  acid  is  more 
weak,  it  is  lefs  decompofed,  and  there  remains  enough 
of  it  to  difTolve  the  calx  of  lead.  A  grey  powder  is 
precipitated  during  this  folution,  which  M.Groife  look- 
ed upon  as  mercurial :  but  M.  Baume  afferts,  that  this 
matter  is  only  a  portion  of  calx  of  lead  ;  and  1  have 
feveral  times  in  vain  endeavoured  to  obtain  mercury 
from  it  by  fublimation,  and  by  ufing  a  fire  ftrong  e- 
nough  to  reduce  the  mercury  if  there  had  been  any  in 
the  ftate  of  a  calx.  This  folution  is  not  precipitated 
by  water ;  by  cooling  it  gives  cryftals  of  a  coarfe  white, 
in  form  of  flattened  triangles,  whofe  angles  are  all  trun- 
cated. The  fame  folution  fet  to  evaporate  flowly  for 
feveral  months,  gave  cryftals,  the  thickeft  of  which 
were  more  than  inch  broad,  and  hexaedral  pyramids, 
and  whofe  three  furfaces  were  alternately  great  and 
fmall,  and  the  point  was  truncated ;  fo  that  each  cry- 
ftal  is  a  folid  with  eight  fides.  M.  Rouelle  has  very  ac- 
curately defcribed  this  fait.  Nitrum  faturni  decapitates 
on  the  fire,  and  fufes  with  a  yellowifh  flame  when  it  is 
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put  upon  a  burning  coal :  the  calx  of  lead,  which  is  at 
firft  yellow,  is  very  quickly  reduced  into  globules  of 
lead. 

What  this  fait  gives  upon  diftillation  has  not  been 
examined 

It  is  decompofed  by  lime  and  the  alkalis.  The  vi- 
triolic acid,  although  it  has  only  a  weak  aclion  upon 
lead,  has  however  more  affinity  with  this  metal  than 
the  nitrous  acid  has.  If  we  pour  fome  pure  vitriolic 
acid,  in  form  of  an  earthy  or  alkaline  neutral  fait,  into 
a  nitrous  folution  of  lead,  a  white  precipitate  in  a  few 
inftants  is  formed.  The  occafion  of  this  precipitation 
is,  the  vitriolic  acid  takes  the  calx  of  lead  from  the  ni- 
trous, and  forms  with  it  fome  vitriolum  plumbi,  refem- 
bling  that  refulting  from  the  immediate  combination  of 
the  oil  of  vitriol  with  this  metal. 

The  pure  marine  acid,  with  the  aid  of  heat,  readily 
enough  calcines  lead  and  diffolves  a  part  of  its  calx  ;  but 
it  is  difficult  to  faturate  it  completely.  This  folution  has 
always  an  excefs  of  acid  :  it  may,  however,  furnifh,  by 
a  flrong  evaporation,  cryftals  in  fine  and  brilliant 
needles,  as  M.  Monnet  has  obferved. 

Lime  and  the  alkalis  decompofe  it  like  vitriolum 
plumbi.  This  metal  combines  with  the  marine  acid 
more  readily  and  intimately  by  pouring  this  acid,  either 
uncombined  or  united  with  an  earthy  or  alkaline  bafe, 
into  a  folution  of  nitrum  faturni ;  a  white  precipitate  is 
inftantly  formed,  much  more  copious  than  that  produ- 
ced by  the  addition  of  the  vitriolic  acid,  and  refembling 
a  coagulum.  It  is  the  combination  of  the  marine  acid 
with  the  calx  of  lead,  which  feparates  from  the  nitrous 
acid  upon  the  addition  of  the  marine.  This  fait  falls 
down  on  account  of  its  too  confiderable  infolubility  in 
water.  If  it  is  expofed  to  the  fire,  vapours  are  difen- 
gaged  of  a  faccharine  tafte,  and  it  fufes  into  a  brown 
mafs,  called  plumbum  corneum,  becaufe  it  hasi  fome  re- 
femblance  with  the  filver  which  goes  by  a  fimilar  name. 
The  folution  of  this  fait  evaporated,  cryftallizes  in  fmatl, 
fine,  and  brilliant  needles,  which  form  bundles,  or 
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which  unite  by  one  of  their  extremities  at  an  obtufe 
angle.  M.  Sage  fays,  that  this  folution  crvftallizes  by 
in!rnfible>  evaporation  into  ftriated  hexaedral  prifnig* 
The  folution  of  plumbum  corneum  is  decompofed  by 
the  vitriolic  acid,  which  occafions  a' white  precipitate  in 
it  as  in  the  nitrous  folution.  This  difcovrry,  which  is 
due  to  M.  Grofie,has  been  acknowledged  by  M.Baume, 
and  may  be  repeated  by  all  the  chemifts.  It  falfifies 
the  eighth  column  of  Geoffroy's  Table  of  affinities,  which 
exhibits  the  lead,  as  having  more  affinity  with  the  ma- 
line  than  with  ail  the  other  mineral  acids. 

All  the  folutions  of  lead  are  precipitated  black  or 
brown  by  the  liver  of  fulphur,  and  then  a  fort  of  galena 
forms  by  the  depofition  of  the  fulphur  upon  the  calx  of 
lead  ;  which  feems  to  indicate,  that  the  lead  is  in  the 
flate  of  a  calx  in  this  ore. 

All  the  cakes  of  lead  diffolve  in  the  acids  as  eafily 
as  lead  itfelf,  and  often  more  eafily  than  this  metal. 
Minium  lofes  its  colour  in  thefe  folutions.  The  calces 
of  lead  approach  to  the  metallic  (late  by  the  contact  of 
hepatic  gas. 

Lead  does  not  produce  an  evident  detonation  with 
nitre.  If  we  project  the  powder  of  this  fait  upon  this 
metal  in  fufion  and  a  little  red,  but  very  little  motion, 
and  no  apparent  flame  is  railed.  However,  the  lead  is 
calcined  and  vitrefied  by  the  alkali  of  the  nitre,  and  is 
found  in  fmall  yellowilh  leaves  refembling  litharge. 

Lead  eafily  decompofes  fal  ammoniac  by  means  of 
heat.  This  property  is  common  to  it  with  molt  of  the 
metals.  Its  calces,  triturated  with  this  fait,  difengage 
from  it  alkaline  gas  in  the  cold  :  but  if  the  mixture  is 
heated  in  a  retort,  the  decompofition  is  very  rapid. 
There  comes  over  a  cauftic  penetrating  volatile  alkali. 
Some  chemifts  have  advanced,  that  the  volatile  alkali, 
feparated  by  minium,  eifervefced  with  acids :  and  hence 
they  have  concluded,  that  this  calx  of  lead  contained 
feme  of  the  chalky  acid.  But  M.  Bucquet  has  obfer- 
ved,  that  this  effervefcence  is  owing  only  to  a  portion  of 
alkaline  gas,  volatilized  by  the  heat  occaiioned  by  the 

com- 
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combination  of  the  alkali  and  acid  ;  and  that  it  hap- 
pens only  when  the  concentrated  acids  are  ufed.  To 
clear  up  this  point,  he  made  a  very  ingenious  and  de- 
cifive  experiment.  Having  introduced  fome  volatile 
alkali,  obtained  by  means  of  minium,  into  a  vefTfcl  above 
mercury,  he  put  into  the  fame  vefiTel  fome  weak  vitrio- 
lic acid  fufficient  to  faturate  the  alkali :  in  a  moment  an 
ebullition  arofe,anda  difengagement  of  a  gas,  which  was 
readily  abforbed,  and  was  only  fome  alkaline  gas.  The 
mafs  which  remains  in  the  retort  after  the  decompofi- 
tion  of  fal  ammoniac  by  the  minium,  is  a  marine  fait  of 
lead,  which  with  a  gentle  heat  fufes  into  a  plumbum 
corneum,  and  may  be  totally  diflblved  in  water.  It  was 
this  iublbnce  which  M.Margraaf  employed  for  the  pre- 
paration of  the  phofphorus  of  urine. 

Inflammable  gas  alters  lead  in  a  very  fenfible  manner. 
It  colours  its  furface,  gives  it  the  changing  varieties  of. 
iht  rainbow,  and  feems  to  revive  its  calces  *. 

K  k  2  SuU 

*  The  calces  of  lead  are  much  affected  by  fulphureou9  vapours  of 
all  kinds.  Even  metallic  fal ts,  which  have  lead  for  their  bafe,  efpe- 
cially  faccharum  faturni,  change  colour  by  the  vicinity  of  fuch  va- 
pours. The  common  way  of  fhowing  the  experiment  is,  to  wet  a  bit 
of  paper  with  a  folution  of  faccharum  fauirni,  and,  after  it  is  dry,  to 
place  it  in  the  neighbourhood  of  a  folution  of  fulphur  in  lime-water. 
The  imperceptible  vapours  which  arife  from  the  fulphur,  will  in  a 
fltort  time  blacken  the  faccharum  faturni  ;  and  this  will  happen 
though  two  hundred  or  three  hundred  leaves  of  a  book  be  interpofed 
between  the  p;per  wetted  with  the  one  folution  and  that  wetted 
with  the  other.  In  this  way  faccharum  faturni  may  be  employed 
as  an  invilible  ink,  which  the  correfpondenis  can  render  viiible  by 
means  of  (ulphureons  vapours. 

This  experiment  has  been  frequently  ufed  to  detect  the  prefence 
of  lead  in  any  fluid,  and  is  then  called  liquor  probatorius.  The  chief 
ufe  of  the  teiV.  is  to  dilcover  the  adulturation  of  wines  and  of  other 
fermented  liquors  with  faccharum  faturni,  which  fraudulent  dealers 
add  to  correct  any  fharpnefs  which  the  wine  has  acquired,  as  fac- 
charum faturni  communicates  a  fweetnefs  and  aftringency  very  fimi- 
Jar  to  the  product  of  native  fermentation.  Frauds  of  thi3  kiud  are 
pernicious,  on  account  of  a  very  violent  and  dangerous  colic  which 
the  drinkers  of  adulterated  wines  are  fubjefted  to,  from  the  poifon- 
ou3  qualities  of  lead,  which,  when  taken  internally,  occnfions  paina 
?ad  Ipafms  of  the  bowels,  which  often  terminate  in  a  paralytic  affec- 


LECTURES  ON 


Sulphur  eafily  unites  with  this  metal.  By  the  fufion 
of  thefe  two  fubftances  there  refults  a  fort  of  brittle  mi- 
neral in  facets  of  a  deep  and  brilliant  grey.  This  mat, 
ter,  very  nearly  like  galena,  is  of  much  more  diiTi- 
cult  fufion  than  lead  :  it  is  a  phenomenon  which  is  par- 
ticular to  the  combinations  of  the  metals  with  fulphur. 
Thofe  which  are  very  fufible,  are  after  this  union  -dif- 
ficultly fufed ;  whilft  thofe  which  fufe  with  difficulty, 
acquire  a  great  fufibility  in  this  combination  *. 

Nothing  is  known  of  the  alloy-of  lead  and  arfenic. 
Nickel,  manganefe,  cobalt,  and  zinc,  do  not  by  fufion 
combine  with  lead.  Regulus  of  antimony  forms  with 
it  a  brittle  alloy  in  fmall  brilliant  facets,  which  imitate 
the  texture  and  the  colour  of  iron  or  fteel,  according  to 
the  proportion  of  the  mixture,  which  is  fpecifically  hea- 
vier than  the  two  metallic  fubitances  which  compofe  it 
taken  feparately. 

Lead  combines  with  bifmuth,  and  forms  a  fine  and 
compact  grain  unmalleable  and  brittle. 

Mercury  difTolves  lead  with  great  facility.  This  a- 
malgam  is  made  by  pouring  fome  hot  mercury  into 
fufed  lead ;  it  is  white  and  brilliant;  it  becomes  folid 
after  it  has  been  made  fome  tnne :  when  it  is  rubbed 
with  the  amalgam  of  bifmuth,  it  equals  the  fluidityof 
flowing  mercury.    It  may  be  proper  to  take  notice, 

that 

Hon.  This  practice  was  once  fo  frequent,  as  to  require  the  autho- 
rity of  the  different  legifiatures  in  JEtirope  to  ftop  the  abufe.  By  the 
operation  of  thefe  falutary  taws,  and  by  the  difcovery  of  certain  and 
eafy  tefts,  the  frequency  of  the  fraud  is  much  diminiihed.  The  bcft 
way  of  trying  any  fufpedred  di ink,  is  to  drop  a  fmall  quantity  of 
the  folution  of  fulphur  in  lime-water.  If  there  be  any  lead  prefent, 
this  addition  will  inftantly  occafion  the  precipitation  of  a  dark-co- 
loured cloud.  From  the  convenience  and  facility  of  the  method,  it 
flionld  be  praflifed  by  all  who1  drink  much  cyder  or  other  liquor 
whofe- chief  merit  confills  in  the  agreeable  mixture  of  a  fweet  and 
acid  tafte,  as  thefe  fmall  wines  are  the  moft  frequent  fubjc&s  of  a- 
dulterations. 

*  Lead  is  acled  on  by  all  the  inflammable  bodies.  The  grofs 
oils  diffolve  the  calces  of  lead  very  copioufly'by  the  affiitance  of 
heat.  This  preparation  has  the  confidence  of  a  tenacious  parte,  arid 
confh'tutcs  the  bale  of  many  pUfters  which  are  ufed  in  furgery. 


C  H  E  M  I  S  T  11  Y. 


5*7 


that  this  Angular  phenomenon  is  occafioned  by  the 
union  of  three  very  fufible  and  heavy  metals,  poffeffing 
more  or  lefs  volatility. 

Lead  alloys  very  well  with  tin  by  fufion.  Two  parts 
of  lead  and  one  of  tin  form  an  alloy,  which  is  more  fu- 
fible than  thefe  two  metals  feparately,  and  conftitute 
the  folder  of  the  plumbers.  Eight  parts  of  bifmuth, 
five  of  lead,  and  three  of  tin,  give  fo  fufible  an  alloy,  that 
the  heat  of  boilling  water  is  fufficient  to  fufe  it,  accord- 
ing to  the  obfervation  of  M.  d'Arcet  f. 

The 

f  Lead  unites  by  fufion  to  moft  of  the  other  metals.  A  fmall 
addition  of  it  makes  gold  and  filver  brittle,  though  a  proportional 
addition  of  either  of  thefe  metallic  fubftances  to  lead  has  the  con- 
trary effect,  and  makes  it  more  duftile.  Copper  does  not  unite  with, 
lead,  unhfs  the  lead  be  red  hot  and  boiling:  and  after  this  union  it 
may  again  be  feparated  by  ufing  a  gentle  heat,  which  melts  the  lead 
without  melting  the  copper.  This  mode  of  feparating  the  metals 
by  means  of  their  different  degrees  of  fufibility,  cannot  be  ufed  in 
any  other  mixture  which  is  hitherto  known,  as  in  all  other  cafes  the 
compound  fufes  as  one  hemogeneous  mafs. 

Lead  does  not  unite  with  iron  :  but  if  lead  and  iron  be  expofed 
to  the  fire  in  one  yefie!,  the  lead  is  firft  converted  into  litharge, 
which  attacks  and  fcorilies  the  iron  by  taking  away  the  phlogifton, 
an.!  afterwards  reduces  the  martial  calx  into  a  dark-coloured  glafs. 

This  property  which  lead  poffeffes  of  reducing  all  the  imperfect 
metals  into  a  glafly  flag,  is  the  means  ufed  to  purify  gold  and  filver; 
neither  of  which  lead  can  deprive  of  their  metallic  character,  and 
which  remain  untouched  at  the  bottom  of  the  vefTel.  This  procefa 
is  the  more  complete,  from  the  power  of  glafs  of  lead  to  diffolve  all 
earthy  bodies,  feeing  it  is  fo  powerful  a  flux,  that  no  vefTel  can  con- 
fine it  when  ftifed,  of  whatever  materials  the  veffel  be  made.  A 
mixture  of  raw  and  burned  clay  ftands  the  adion  of  lead  for  the 
longed  time,  but  at  la(t  it  has  its  fides  corroded.  Litharge  is  em- 
ployed in  the  compofition  of  all  the  finer  glaffes  called  paftei,  which 
inmate  the  precious  (tones.  The  addition  of  the  litharge  makes  them 
more  fohd  and  brilliant,  as  it  enables  them  to  difperfe  the  different 
coloured  rays  in  a  greater  degree.  The  pureft  flint,  purified  alkali, 
norax,  and  litharge,  are  the  chief  and  efTential  ingredients.  The 
other  additions  are  made  for  the  fake  of  tinging  them  of  various  co- 
lours. Flint-glafs  alfo  contains  a  large  proportion  of  lead,  which 
communicates  a  greater  degree  of  ductility,  and  enables  it  to  retain 
this  in  a  greater  degree  of  cold.  It  mult,  however,  be  obferved, 
that  all  glafs  made  with  lead,  has  the  defect  of  being  unequal  in 
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The  alloy  of  lead  with  tin  being  employed  frequently 
for  ceconomical  purpofes,  and  as  the  fir  ft  of  thtfe  me- 
tals may  render  dangerous  the  ufe  of  utenfils  made  of 
the  fecond,  Mitch  is  made  ufe  of  in  cooking  and  phar- 
maceutical vefi'ds,  it  becomes  of  importance  to  know 
the  means  of  ascertaining  the  proportion  of  lead,  which 
often  greatly  exceeds  that  which  is  prefcribed  by  law. 
Meffrs  Bayen  and  ,Charlard  have  given  a  very  good 
procefs  for  determining  the  quantity  of  this  vile  and 
dangerous  metal  when  contained  in  tin.  It  confifts  in 
diffolving  two  ounces  of  a  fufpe£ted  tin  in  five  ounces 
of  good  nitrous  acid,  in  warning  the  calx  of  tin  thus 
produced  with  four  pounds  of  diftilled  water,  and  in 
evaporating  this  water  in  a  fand  bath.  Some  nitrum 
plumbi  is  obtained  by  this  evaporation,  which  is  cal- 
cined ;  and  the  refiduum,  after  having  been  weighed,  is 
confidered  as  the  quantity  of  this  metal  contained  in  the 
tin,  making  an  allowance  of  fome  grains  for  the  in-! 
creafe  of  weight,  which  it  rauft  acquire  in  the  calcina- 
ton,  as  well  as  for  the  prefence  of  other  metals,  fuch  as 
zinc  and  copper,  which  the  tin  may  contain.  Thefe 
chemifts  have  affured  themfelves,  by  this  means,  that 
the  fine  wrought  tin  contains  about  ten  pounds  of  lead 
in  the  hundred  ;  and  that  the  tin  fold  under  the  name 
of  common,  contains  often  twenty- five  pounds  in  the  fame 
quantity.  The  quantity  is  enormous,  and  it  expofes 
thofe  to  the  grcateft  dangers  who  make  ufe  of  utenfils 
of  common  tin.  It  is  found  almoft  conftantly  in  the 
vefiels  of  which  great  ufe  is  made  j  fuch  as  thofe  for 
meafuring  out  liquids,  and  particularly  wine.  It  is  evi- 
dent how  a  liquor  which  fours  eafily  may  unite  with 
lead,  and  convey  into  the  vifcera  of  the  unfortunate 
perfons  condemned  to  drink  it  through  neceffity  the 

feed 

denfity,  from  want  of  a  perfeft  mixture  of  all  its  parts.  Many  at- 
tempts have  been  made  to  remedy  this  inconvenience,  though  hi- 
therto without  fuccefe,  although  a  very  confiderable  premium  has 
been  offered  to  the  difcoverer  of  a  glafs  which  would  ferve  all  the 
purpofes  of  optical  inftrupients. 
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feed  of  difeafes  ;  which  are  fo  much  the  more  grievous., 
as  their  caufe  is  often  unknown. 

The  pewterers  have  feveral  methods  of  diftinguifh- 
ing  the  quality  of  tin,  and  of  afcertaining  the  quantity 
of  lead  contained.  The  fimple  infpecHon  often  fuffices 
them  ;  the  weight  and  the  found  confirms  their  opinion. 
They  have  two  kinds  of  effay ;  the  one,  called  effay  with 
the  fione,  is  made  by  running  tin  fufed  into  an  hemi- 
fpherical  cavity  made  in  a  thunder-ftone,  and  terminated 
by  a  furrow.  The  phenomena  which  the  tin  prefents 
upon  cooling,  the  colour,  the  roundnefs,  the  depreflion 
of  its  middle  part,  the  noife  which  the  extremity  of  the 
effay  makes  when  bent  different  ways,  are  fo  many 
figns  which  an  intelligent  workman  knows,  and  which, 
by  a  long  obfervation,  lead  him  to  comprehend  very 
exactly  the  quantity  of  the  metal.  Be  this  as  it  may, 
this  effay  employed  by  the  matters  of  Paris,  does  not 
appear  to  be  fo  exact  as  that  made  ufe  of  by  the  matters 
of  Provence,  although  rejected  with  difdain  by  the  firft. 
This  fecond  effay  is  called  effay  by  the  ball  or  medal;  be- 
caufe  it  confifts  in  running"  the  tin  to  be  effaved  into  a 
mould,  which  gives  it  the  form  of  a  ball  or  of  a  flattened 
mafs  refembling  a  medal.  The  weight  of  this  fpecimen, 
after  it  is  moulded,  is  then  compared  with  an  equal  vo- 
lume of  fine  tin  run  into  the  fame  mould.  The  more 
the  fpecimen  weighs  than  the  ftandard,  the  more  lead 
it  contains.  Meffrs  Bayen  and  Charlard  prefer  this  laft 
effay  j  of  which  the  principles^  are  furer  and  lefs  fubjeft 
to  error  than  the  circumttances  which  direcl  the  work- 
men who  determine  the  quality  of  the  metal  by  the  ef- 
fay  with  the  ftone. 

Lead  is  of  very  extenfive  ufe.  It  is  ufed  in  many 
alloys :  it  is  ufed  to  make  pipes  for  the  conveyance  of 
water.  Its  calx  is  ufed  in  the  making  of  glafs  and  ena- 
mels :  it  alfo  ferves  to  imitate  the  yellow  precious  ftones, 
and  to  add Tufiblltty  to  the  coverings  of  earthen  ware. 
1  he  metal  itfdf  is  employed  to  make  utcnfils  for  ceco- 
nomical  purpoles,  but  not  without  danger  to  health.  A 
jioxious  quality  is  often  communicated  to  the  water, 

which 
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which  is  allowed  to  remain  in  leaden  citterns  or  bafons. 
.Its  vapour  is  dangerous  to  the  workmen  who  fufe  ir,  and 
its  powder  is  ftill  more  dangerous  to  thofe  who  file  or 
rub  it.  This  metal,  when  received  into  the  ftomach 
and  inteiiines,  occafions  violent  colics,  frequently  ac- 
companied with  a  vomiting  of  very  green  bile,-  and  re- 
marked for  the.  flattening  of  the  belly  and  depreflion  of 
the  navel.  In  this  cafe  it  has  been  obferved,  that  antimo- 
r.ial  emetics  and  purgatives  are  ufed  with  great  fuc- 
eefs.  M.  Navier  recommends  the  different  livers  of 
fulphur,  in  cafes  of  perfons  poifoned  with  lead,  as  well 
as  with  arfenic  and  corrofive  fubtimate.  It  is  particu- 
larly in  the  palfy  and  tremors,  which  generally  attend 
thofe  who  have  laboured  under  the  colica  PicTonum 
that  this  phyfician  boafts  of  the  good  effects  of  the  liver 
of  fulphur  and  hepatic  waters.  From  thefe  facts,  then, 
we  ought  to  lay  afide  the  ufe  of  all  the  preparations  of' 
lead  internally,  and  to,  make  ufe  of  it  only  as  an  exter- 
nal remedy ;  and  even  externally,  we  ought  to  ufe  it 
with  all  the  precaution  requifite  in  the  application  of  a 
violent  difcutient  *. 

*  Lead,  in  palling  from  a  flate  of  fluidity  to  a  ftate  of  foliditv, 
paffes  through  a  certain  ftate  of  aggregation,  which  is  called  the 
granulation  of  lead.  In  this  ftate  it  coheres  like  particles  of  wet 
fand,  and  may  be  divided  by  continuing  to  ftir  it  with  a  (lick  du- 
ring the  time  of  cooling.  But  this  is  not  the  way  it  is  formed  into 
(hot.  To  make  (hot,  the  melted  lead  is  poured  into  an  iron  box, 
which  is  perforated  with  fmall  holes  in  the  bottom,  through  which  it 
runs  into  a  vcffel  of  water.  As  it  touches  the  furface  of  the  water, 
it  begins  to  congeal,  forming  into  drops  which  refemble  the  ftiape  of 
pears.  This  irregular  form  is  corre&ed  by  adding  a  fmall  q-.'antiiy 
of  orpiment  or  white  arfenic  to  the  water,  which  difpofes  the  lead  to 
form  into  more,  perfect  Cpheres.  Thofe  which  are  not  fufficiently  fo, 
are  feparated  from  the  reft,  by  making  the  whole  run  down  an  in- 
clined plane,  when  the  little  fpheres  run  llrai>ht  down  to  the  bot- 
tom, and  thofe  which  are  irregular  tumble  off  at  the  tides.  After 
this  the  mot  is  forted,  by  pafiing  through  iievtfs  of  different  Hzes. 
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